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Voltage Regulators 


Liv105/LM205/LM305 voltage regulator 


general description 


The LM105, LM205 and LM305 are positive volt- 
age regulators similar to the LM100, except that 
an extra gain stage has been added for improved 
regulation. A redesign of the biasing circuitry 
removes any minimum load current requirement 
and at the same time reduces standby current 
drain, permitting higher voltage operation. They. 
are direct, plug-in replacements for the LM100 in 
both linear and switching regulator circuits with 
output voltages greater than 4.5V. Important 
characteristics of the circuits are: 


® Output voltage adjustable from 4.5V to 40V 


= Output currents in excess of 10A possible by 
adding external transistors 


® Load regulation better than 0.1%, full load with 
current limiting 


schematic and connection diagrams 
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typical applications 


10A Reguletor with Foldback Current Limiting 


® DC line regulation guaranteed at 0.03%/V 
= Ripple rejection of 6.01%/V 


Like the LM100, they also feature fast response to 
both load and line transients, freedom from 
oscillations with varying resistive and reactive 
loads and the ability. to start reliably on any load 
within rating. The circuits are built on a single 
silicon chip and are supplied in either an 8-lead, 
TO-5 header or a 1/4” x 1/4” metal flat package. 


The LM205 is identical to the LM105 except that 
it is specified for operation from -25°C to 85°C. 


The LM305 is specified for operation from 0°C to 
70°C and for output voltages to 30V. 
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1.04 Regulator with Protective Diodes 
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SOEWI/SOZW1/SOLWI 


LM105/LM205/LM305 


absolute maximum 


Input Voltage 
LM105, LM205 
M305 
input-Output Voltage Differential 
Power Dissipation (Note 1) 
LM105, LM205 
LM305 
Operating Temperature Range 
LM105 
LM205 
LM305 


ratings 


S50V 
40V 
40v 


800 mW 

500 mW 

0°C to 70°C 
-55°C to +B5°C 
-25°C to +150°C 
0°C 10 70°C 


Storage Temperature Range -65°C to 150°C 
Lead Temperature (Soldering, 10 sec) 300°C 


electrical characteristics (Note 2) 


Input Voltage Range 
LM105, LM205 
LM305 


Output Voltage Range 
LM105, LM205 
tM305 


Output-Input Voitage 
Oitterential 


Load Regulation (Note 3) 
LM105 O<1tg <12mA 
Rec = 1882, Ta = 25°C 
Reco = 1082, Ta = 125°C 
Ree = 1882, Ta = -55°C 


O<Ig<12pyA 

Roo = 1882, Ta * 25°C 
Rsc = 1082, Ta = 85°C 
Rec = 1802, Ta = -25°C 


O< 19 S$ 12mA 
Rgc = 1882, Ta = 25°C 
Rec = 1522, Ta = 70°C 
Rec = 1822. Ta = OC 
Line Regutation Vin - Vour < 5V 
Vin ~ Vout > 5V 
Ripple Rejection Carer © 10uF,f= 120Hz 
Temperature Stabitity 
M105 ~55°C ST, < 125°C 
LM205 -25°C<T, < 85°C 
LM305 oc<T, < 70°C 


” 


Feedback Sense Voltage 
Output Noise Voltage 10 Hz<f< 10 kHz 
Cree =O 

Cace > 0.1 uF 


Standby Current Drain « 
M105, LM205 Vin = 40V 
LM305 Vin = 50V 


Long Term Stability 


Note 1: The maximum junction temperature of the LM105 is 150°C, while that for the LM205 is 
100°C, and that for the LM305 is 85°C. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal! resistance of 150°C/W, junction to ambient, or 45°C/W, 
junction to case. For the flat package, the derating is based on a thermal resistance of 185° C/W when 
mounted ona 1/16-inch-thick epoxy glass board with ten, 0.03-inch-wide, 2-ounce copper conductors. 
Peak dissipations to 1W are allowable providing the dissipation rating is not exceeded with the power 
averaged over a five second interval for the LM105 and LM205, and averaged over a two second 
interval for the LM305. 

Note 2: These specifications apply for input and output voltages within the ranges given, and for a 
divider impedance seen by the feedback terminal of 2k, unless otherwise specified. The load and 
line regulation specifications are for constant junction temperature. Temperature drift effects must be 
taken into account separately when the unit is operating under conditions of high dissipation. With the 
LM205, however, all temperature specifications are limited to -25°C to 85°C. ; 

Note 3: The output currents given, as well as. the load regulation, can be increased by the addition of 
external transistors. The improvement factor will be roughly equal to the composite current gain of 
the added transistors. 


typical performance characteristics 


Current Limiting 
Load Regulation Load Regulation Characterjstics 


OUTPUT VOLTAGE DEVIATION (\) 
OUTPUT VOLTAGE DEVIATION (%) 
RELATIVE OUTPUT VOLTAGE (V) 


LOAD CURRENT (mA) LOAD CURRENT (mA) OUTPUT CURRENT {mA} 


Optimum Divider Resistance 
Current Limit Sense Voltage  ~ Short Circuit Current 
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-1% -50-25 8 25 SO 75 100 125 150 -15 -50 -25 0 25 SO 75 100 125 150 
JUNCTION TEMPERATURE (°C JUNCTION TEMPERATURE (°C) OUTPUT VOLTAGE (V) 


Minimum Input Voltage Regulator Dropout Voltage Supply Voltage Rejection 


tt — 
= 


INPUT VOLTAGE (vy) 
Loe 
SHRP 

NO 
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INPUT VOLTAGE (V) 
SUPPLY VOLTAGE REJECTION (%/V) 


—1>120H 


INPUT-OUTPUT VOLTAGE DIFFERENTIAL (V) 


-25  @ 25 SO 75 100 125 


TEMPERATURE ( C} TEMPERATURE (°C) 


Minimum Output Voltage Standby Current Drain Transient Response 


OUTPUT VOLTAGE (Vv) 
STANDBY CURRENT (ma) 
OUTPUT VOLTAGE DEVIATION (Vv) 


2s $0 7S 100 428 
TEMPERATURE { C) INPUT VOLTAGE (V) TIME {ua} 
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TYPE TR—1/10 Watt 


i eo 
TYPE CB—Y% Watt 
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HS 
f TYPE EB—¥ Watt 
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TYPE GB—1 Watt 


Demsaadcdibccatees | 
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TYPE HB—2 Watt 


Metal Clad Resistors 


TYPE HM—4 Watt 


Hermetically Sealed — 
Ceramic Encased Resistors 


TYPE TS—Ve Watt 


TYPE CS—Y3 Watt 
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11. 


12. 


13. 


14. 


15 


16. 


17. 


Resistance changes due to humidity are temporary, 
and in the case of Allen-Bradley resistors are re- 
versible. 


Resistance changes due to increase in moisture con- 
tent are always positive. 


Resistance change due to humidity in low-value re- 
sistors is less than in high-value resistors. 


Change of resistance which has occurred due to 
humidity may be essentially eliminated by condi- 
tioning the resistor at 100°C for 48 hours. 


Resistors operating with as little as 1/1 0th rated watt- 
age load are essentially not affected by humidity. 


Hermetically-sealed resistors do not exhibit resistance 
change because of humidity. 


Resistance change due to load life is permanent and 
ultimately negative. 


Resistance change due to load life can be minimized 
—1% to 2% in many thousands of hours by 50% 
derating. ; 


This same result can be attained by limiting the maxi- 
mum operating surface temperature of the resistor 


under load to 100°C, 


Resistance change due to soldering is positive and may 
be permanent if the resistor has moisture present in 
its body. It can be greatly minimized if resistors are 
dry at the time of soldering. 


The temperature characteristic of the Allen-Bradley 
resistor is positive above and below room temperature 
—room temperature is considered to be between 


10°C and 30°C, 


The temperature characteristic of the Allen-Bradley 
resistor is negligible from — 10°C to +80°C. 


The voltage characteristic of the Allen-Bradley re- 
sistor is negative and jis less at elevated operated 
temperatures than at room ambient. 


The voltage characteristic is less in low-value resistors 
than in high-value units. 


The voltage characteristic and the temperature char- 
acteristic tend to cancel one another in an Allen- 
Bradley resistor under average operating conditions, 
where both voltage and temperature are present. 


The heat sink to which a resistor is connected affects 
its rating. Resistors operated in parallel should be 
derated unless an adequate heat sink is provided. 


The quality and reliability of Allen-Bradley resistors 
is the same for, and independent of, any resistance 
tolerances shown on the resistor. 


SES526A 
HIGH SPEED NE525A 
SPEeL 

= Sa. SE5266 

JME £ ATLGG 
ANALOG COMPARATOS NE526G 
SIGNETICS MONOLITHIC LINEAR CIRCUITS SE526K 
NE526K 


DESCRIPTION 


The 526 is a high speed analog comparator intended for use in systems where A PACKAGE {TO-116) 
low propagation delay and fast recovery from common mode or differential oes 

input overdrive is required. The device is specifically designed to provide a wide 
input common mode range while operating from power supplies commonly 
tound in digital logic systems. 


* The 526 consists of a medium gain, high frequency differential amplifier and a 
high speed TTL gate fabricated within a single substrate by planer and epitaxial 
techniques. The output gate of the 526 has voltage and current capabilities com- 
patible with DCL, OTL and TTL. The 526 output gate has a full fan-out of 10 to 
standard TTL loads, 
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The amplifier and gate may be used independently or cascaded for applications ay beast ad 
as a voltage comparator, digital line receiver or sense amplifier. The second gate © Und iaterenech ts” 
input is used to Provide strobe capability when operating the amplifier and gate ; @ Rome ont 
in cascade. Additional applications information can be found under “Usage In- > ae ot, peer 
formation” in this data sheet. * ee en et cota anti 
2) Mt Genensiona of poste package 
Geet 
FEATURES 
@ PROPAGATION DELAY - 30ns G PACKAGE (TO-81) 
GRODULAR GLASS-ROVAR 
e INPUT COMMON MODE RANGE - +4.5V 
ry . -3.5V 
e OIFFERENTIAL OVERDRIVE RECOVERY - 20ns 


@ OUTPUT COMPATIBLE WITH STANDARD LOGIC FORMS 
e OPERATES FROM STANDARD t5V SUPPLIES 


A PACKAGE \ 
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= 
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$538595 


vw" Vin GNO 


* INVERTING AND NON-INVERTING INPUTS ARE 
CEFINED RELATIVE TO AMPLIFER OUTPUT, @5 


K PACKAGE 
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RECOMMENDED OPERATING SUPPLY VOLTAGES: Vy 


ABSOLUTE MAXIMUM RATINGS* 


Fev’ =5.0V, v= 5.0V 


SUPPLY VOLTAGE t7.0V STORAGE TEMPERATURE -65°C to +150°C 
GATE INPUT VOLTAGE +6.0V OPERATING TEMPERATURE 
OIFFERENTIAL INPUT VOLTAGE +5.0V SE526 -558°C to +125°C 
COMMON MODE INPUT VOLTAGE t5.0V . NE526 OC t0 +75°C 
. GATE OUTPUT CURRENT t100mA 
* Abeotute: Maximum Retings are limiting values above which serviceability may be impeked 
ELECTRICAL CHARACTERISTICS (NOTES 1, 2, 2. 4. 13, 14) -- STANDARG GE QITIONS a Ve =5 OV. Vo = -5.0V 
an ae TEST CONDITIONS | 
LIMITS — } 
CHARACTERISTIC SYMBOL | TEMPERATURE Die cae iNOTES 
i 
| | 
i t 
= poe ae al 
| =i i | 1 
Input Offset Voltage Boj my | -86°C 1+ °C | Figure t js | 
5.0 mV | +28°C |.z6%c | Figure 1 5 
8.0 | mv | er26°c | +78°C 1 Figure t |S 
Input Biss Current 38.0 | BA | -ssc! ofc | Fige 2; 6 
36.0 | pA i +25°C |+25°C Figre2 | 
1 : 
36.0 | yA [+128°C |+75°C | Figure 2 s } 
os | 601 uA | -ss°cl oc; Fire 2 | | 
5.0 | yA +25°C ke ' Figure’ 2; | 
6.0 WA | +128°C | 478°C : Figure 2 
Input Common Mode Range /v ! “S5°C | orc : Figure 1 i 
Vo | 428°C 7 4+28°C | Figure ti 
| vy | +128° | 475°C Figure 1 
{ov -SB°C | OC Figure 1 i 
| ! | 
Vv +25°C pee Figure 1 ' i 
| Vv | #125°C j+75°C Figure 1 1 
Amplifier Output Voltage ey | -88C| OC | Figure 3 | 
| Vo 1 425°C )425°C | Figure 3 | 
i VO | 4128°C |478°C | Figure 3 
os iv j -B5°C} OC | Figure 3 | 
OB} vo, +2stc ssc | Fire 3 | | 
a4 | v ae ee (| Figure 3 i 
Amplifier Power Consumption 1120 | mw | -s5°C: Ofc | Figure 4 |: ! 
120 | mW | 425°C |+25°C | Figure 4! 
120 | mw | s128°c 1+78°C | Figure 4 
Gate Output Voltage | vj; -ss°c| ofc | Figure 5 7.8 
iv +259°C '+25°C | Figure 5 ; 7.8 
{| Vo; +125°C 775°C Figure 5 ' 7.8 
aqjv | “55°C: OC | Figure 5 7.8 | 
04, Vv | +zcis2s°c | FigreS . 7.8 | 
O44) Vv pakauak ; Foes (7.8 | 
Gate Output Sink Current . mA | #25°C 425°C | Fire 5 | 8 | 
Gate Output Source Current mA | +25°C | 425°C | Figure § 7 1 
' if 1 ' 
Gate Input Threshold Voltage vi -58°C | oc Figure 5 | @ 
i © Fi 4 j 
Vv | dhe is gore 5 . 9 
vf s12s°C 478 C | Figure 5 | 9 ! 
vo} vo: -ss%c: Oc! Figures |! 10 | 
og} v | s2scclezec | Figure 5 ba 
as Vv | rs +75°C | Figure 5 | 10 | 


ELECTRICAL CHARACTERISTICS (NOTES 12 5 4 13, 14: 


(Continued: 
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CHARACTERISTIC SYMBOL 


_——s 


Gate Input Current (input 0") 
(Input “1° 


Gate Current Consumption (Output “1'’) 


Gate Input Latch Voltage Rating 
Gate Output Short Circuit Current 


Switching Times 
Gate Turn-On Delay 
Gate Turn Off Delay 
Propagation Delay 
Propagation Delay 


Differential Overioad Recovery 
Tne 


{ 
| 
| 
’ 
| 
(Output “0") | 
| 
| 
i 


Notes 

1 All measurements are referenced to the ground terminal. 

2. Positive current 4 Gefined as into the pin referenced. 

3. Pins not specifically referenced are feft ectically open. 

4. Preceutionery mesures should be taken to ensure current timiting in 


6 


accordence with Absolute Maximum Aatings should the isolation diodes 
become forward biased. 

taput Offeet Voltage is tested at guaranteed Input Common Mode Range volt 
age limits end includes the worst-case veristions of voltage gain ans input 
Impedance. These are the maximum velues required to drive the output down 
te “0” ofr up to “1”. : 

Input Biss Current is cefined es the maximum current required to biss 
either input. 


BASIC CIRCUIT SCHEMATIC 


—— 


FeO 


ST ANE 


7 TEST CONDITIONS { q 
LIMITS ean canes i 
| TEMPERATURE | NOTES ' 
S62 TEST CIRCUIT: 
unit | S6526 | NES26 
aan ce ° ———- oo ——— 
ma | .s6°C! OC | Figs 6 | 
mA | +25°C | +28°C Figure 6 | | 
mA | +425°C | 478°C | Figure 6 | | 
wr | -sstc! ofc | Figure 7 i | 
vA | 428°C 425°C | Figre 7 i 
uA | 4125°C 275°C Figure 7 | i 
mA ee) oc Figure 8 | 
mA | +25°C | +26°C Figure 8 H | 
mA | 4126°C | #75°C Figure 8 i 
ma | -88°C, OC | Fiore 8 | 
mA | +28°C +26°C Figure 8; 
mA | +125°C | +75°C Figure & 
Vj #28°C )+25C | Figure 9 
mA +28°C | +25°C | Figure 10 | | 
t 
| | 
7 m | 428Ci+25°C | Fagure 1 n 
7 ns | #25°C | +28°C | Figure 11 | "W | 
42 ns | +25°C | +26°C Figure 12 | O14 
40 48 me #25°C | +25°C Figure 12 | 14 
pr) ns | +28°C | 425°C Figure 13 41, 12 
. _ eee eee 


Output source current is supplied through @ resietor to ground. 

Ovwvt sink current Is supplied through 8 resiator to vy". 

These limits are Guaranteed by Gate Ouwut Voitege (vo) test. 

These limin are guaranteed by Gate Outmut Voltage (v1) teen. 

Load cepecitsnce Inciudes teat fixture and probe cepacitance. 

Differential Input Volisge = SOOmv for this test. 

Acceptance Test Subgroup A-7? pravides end point paremeten tor tineer 
Gevices processed to Signetics SURE Program. See Signetics SURE Bulletin 
§001 


Manufecturer resarves the right to make Gesigr end process changes end 
IMprovement. 
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Pulse delay curves illustrate Propagation delay at the leading edge 


and differential overload recovery at the trailing edge 
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USAGE INFORMATION 


The 526 is designed for use in voltage comparator and sense 
amplifier applications. Because of its high voltage gain and 
high speed, care must be taken in its circuit application to 
ensure stable operation. The power supplies must be by- 
passed for frequencies as high as SOMH2z. The source imped 
ances should be kept as smell as fessible and the inputs 
should be kept well isolated from the output to avoid gene 
rating @ positive feedback loop. To optimize the effective 
input offset voltage external resistance used in the bases of 
the input transistors should be kept equal (Figure 1). 

The amplifier and gate circuits ere completely independent, 
making their external connection very versatile and capable 
of performing a multitude of functions. For most applice 
tions, the amplifier will be connected directly to the gate. 
The parasitic capacitance at the interconnecting point must 
be minimized it the propagation delay of the circuit is to be 
optimized. {t is permissible to connect an external discrete 
resistor from the amplifier output to the negative supply 
(Figure 2). The increased sink capability resulting from this 
connection tends to reduce the propagation delay. The ex- 
ternal pull-down resistor should be no less than 5000 ohms. 
The remaining gate input may be used to strobe the output 
of the amplifier output. 


FIGURE | 


MINIMIZING EFFECTIVE WWPUT OFFSET VOLTAGE 
+3.0v 


FIGURE 2 — ceCREASING PROPOGATION DELAY BY ADOITION 


OF EXTERNAL PULL DOWN RESISTOR 
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An external NAND gate mav be cross-coupled with the gate 
output of the 526 to provide a bistable latch or storage 
element. in this application, the differential inputs ot the 
amplifier should be biased such that the amplifier output 
will be positwe when no input signal ts present, 1e the 
non-inverting input should be biased with respect to the 1n- 
verting input (F igure 3). 


Amplifier outputs may be tied together to provide the logi- 
cal OR of the amplifier outputs (Figure 4). This technique 
will tend to increase propagation delay because of the pare 
sitic capacitances associated with the connection. 


The amplifier of one 526 may be used to drive the second 
gate input (strobe) of another 526, performing the logical 
NAND of the amplifier outputs. This configuration removes 
the strobe capability of the output (Figure 5). tn either of 
these configurations, the unused 526 gate may be used to 
implement other system logic requirements. 


The power supply input for the gate and amplifier are inde 
pendent. Where power consumption is critical, the amplifier 
may be disabled while maintaining a logical 1 output af the 
gate. Total power consumption is reduced to about 20% of 
the power required for norma operation. 


FIGURE 4 pemacLELING AMPLIFIER OUTPUTS PROVIDE THE LOGICAL 
OR OF THE AMPLIFIER OUTPUTS. : 
+50Vv STROBE 
() Ceypass 
! 
TRUTH TAME ' 
| 
Cerpass 
-sw = 
FIGURE 5 


LOGICAL NAND OF THE AMPLIFEER OUTPUTS 
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TEST FIGURE | 


TEST FIGURE 2 


TEST FIGURE 3 


TEST FIGURE 4 
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INPUT BIAS CURRENT 
INPUT OFFSET CURRENT 
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AMPLIFIER OUTPUT VOLTAGE 
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AMPLIFIER POWER CONSUMPTION 
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TEST FIGURE 5S 


GATE INPUT THRESHOLD VOLTAGE 
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TEST FIGURE 9 ‘ TEST FIGURE 10 
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TEST FIGURE 11 PROPOGATION DELAY, GATE INPUT TO GATE OUTPUT 
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TEST FIGURE 13 
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WIDEBAND MONOLITHIC LINEAR FOUR-QUADRANT 
FOUR-QUADRANT MULTIPLIER MULTIPLIER INTEGRATED 
. designed for uses where the output is a linear product of two CIRCUIT 
input voltages. Maximum versatility is assured by allowing the user 
to select the level shift method. Typical applications include: multi- MONOLITHIC SILICON 
ply, divide*, square root*, mean square”, phase detector, frequency EPITAXIAL PASSIVATED 
doubler, balanced modulator/demodulator, electronic gain control. ps9124 a1 
“When used with an operational amplifier. 


© Wide Bandwidth 


e Excellent Linearity — 1% max Error on X-Input, 2% max Error on 
Y-Input — MC1595L 


Excellent Linearity — 2% max Error on X-Input, 4% max Error on 
Y-Input — MC1495L 


Adjustable Scale Factor, K 


(top view) 


Excellent Temperature Stability ease S 
RAMI ACKAGE 


Wide Input Voltage Range — + 10 Volts CASE 632 
TO-116 


+ 15 Volt Operation 


FIGURE 1 — FOUR-QUADRANT 
MULTIPLIER TRANSFER CHARACTERISTIC FIGURE 2 — TRANSCONDUCTANCE BANDWIDTH 
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Vo. OUTPUT VOLTAGE (VOLTS) 
Ay. GAIN (dB) 


420 +40 +60 +80 +10 
Vx, INPUT VOLTAGE (VOLTS) 


ELECTRICAL CHARACTERISTICS (v* = +32V, V" =-15 V. Ta = +25°C, tg = 143 = 1 mA, Rx = Ry = 1542, 


RL = 11422 Unless otherwise noted) 
Linearity: 


Output Error in Percent of Full Scale: 


Tp = +25°C 
“10 <Vy < +10 (Vy = +10 V) MC1495 
MC1595 
-10< Vy < +10 (Vx = +10 V) MC1495 
MC1595 
Ta = 0 to +70°C MC1495 


-10<Vyx< +10 (Vy =+10 V) 
-10< Vy< +10 (Vy = +10 V) 
Ta = -55°C to +125°C MC1595 
-10< Vx < +10 (Vy =+10 V) 
-10< Vy< +10 (Vy =+10 V) 
Squaring Mode Error: 


Accuracy in Percent of Full Scale After 
Offset and Scale Factor Adjustment 


Ta = +25°C MC1495 

MC1595 
Ta = Oto +70°C MC1495 
Tp = -55°C to +125°C MC1595 
Scale Factor (Adjustable) 


— 2AL 
13 Rx Ry 


Input Resistance MC1495 

(f = 20 Hz) MC1595 
MC1495 
MC1595 


(K 


Differential Output Resistance (f = 20 Hz) 


Input Bias Current 


eal UR ee MC1495 yA 

2 2 MC1595 

MC1495 

MC1595 

Input Offset Current 

lig — tyal MC1495 
MC1595 

llq —tgl MC1495 
MC1595 


: Average Temperature Coefficient of nA/°C 
| Input Offset Current 

| (Ta = 0 to +70°C) MC1495 = 

| (Ta = -55°C to +125°C) MC1595 = 

Output Offset Current uA 
Ilq4- lal MC 1495 100 
MC1595 50 
; Average Temperature Coefficient of nA/°C 


Output Offset Current 


(Ta = 0 to +70°C) MC1495 = 
(Ta = -55°C to +125°C) MC1595 - 
j Frequency Response 
3.0 dB Bandwidth, Rp = 11kQ. 9,10 BW3qB = 3.0 
| 3.0 dB Bandwidth, Ry = 50 82 (Transconductance Bandwidth) TeBw3 dB - 80 
3° Relative Phase Shift Between Vx and Vy_. o - 750 
1% Absolute Error Due to tnput-Output Phase Shift fg = 30 
Common Mode Input Swing 11 CMV Vde 
(Either Input) MC1495 #10.5 412 - 
MC1595 4115 £13 = 
| Common Made Gain 11 Acm 
{Either Input} MC1495 i -40 -50 
MC1595 | -50 -60 
Common Mode Quiescent | ~ 42 I N64 - 21 _ Vde 
Output Voltage | | Vo2 - 21 = 
; Differential Output Voltage Swing Capability 9 { Vo - 414 
s 
Power Supply Current H 12 | \7 f= | eo | 7.0 mA 
DC Power Dissipation {| 12 | Pp - 135 | 170 | mw 


KMCTCHROLA Semiconductor Products Inc. (AA) Se et 


MCI545 Mici445 | 


GATE CONTROLLED TWO-CHANNEL-INPUT 
WIDEBAND AMPLIFIER 

... . designed for use as a general-purpose gated wideband-amplifier, 
video switch, sense amplifier, multiplexer, modulator, FSK circuit, 
limiter, AGC circuit, or pulse amplifier. See Application Notes 
AN475 and AN491 for design details. 

© Large Bandwidth; 75 MHz typical 

© Channel-Select Time of 20 ns typical 

© Differential Inputs and Differential Output 


GATE CONTROLLED 
TWO-CHANNEL-INPUT 
WIDEBAND AMPLIFIER 


MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 


OCTOBER 1971 — DS 9125 R1 


TYPICAL APPLICATIONS 


VIDEO SWITCH OR 
DIFFERENTIAL AMPLIFIER WITH AGC MULTIPLEX.OR FSK ANALOG SWITCH 


o VEE Vcc @VEE 
aia) |718) 4¢5) 819) |718) 
SIGNAL INPUT © : Neo] 
™ 


010 , “ty 10(1) 


Gate or AGC Input 


AMPLITUDE MODULATOR BALANCED MODULATOR 
Vcc oVEE Vec 


a VEE 
8(9) |7(8) om Sd 7(8) 


ee 2 Canier, 2100 


1(2) 
— = Audio Input 


Modulation Adjust 59 ~ 


F SUFFIX 
ERAMIC PACKAGE 
= CASE 607 


G SUFFIX 
METAL PACKAGE 
CASE 602A 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


Number in parenthesis denotes pin for F and L packages, number 
at left in each case denotes corresponding pin for G package. 


OO antraent sim 17 


I 


VEE -12 Vdc 
Pp 


500 


Rating 


Power Supply Voltage 


Differential tnput Signal 


Load Current 


Power Dissipation (Package Limitation) 
Flat Package 
Derate above Ta = +25°C 


Ceramic Dual In-Line Package 
Derate above Ta = +25°C 


Metal Can 680 


Derate above Ta = +25°C 


4.6 
Operating Temperature Range MC1445 Ta Oto +75 
MC1545 -55 to +125 
Storage Temperature Range Tstg -65 to +150 % 


= = = 0) 
ELECTRICAL CHARACTERISTICS [VCC = *5.0 Vdc, VEE = 5.0 Vdc, at Ls eh 
Speécitications epply (to both input channeis uniess otherwise noted) 


Singte-Ended Voltage Gain MC1445 Avs 
MC1545 
Bandwidth MC1445 75 
MC 1545 75 


Input Impedance MC1445 


(f = 50 kHz) MC1545 


Output Impedance 
(f = 50 kHz) 


Output Voltage Swing 
(RL = 1.0k ohm, f = 50 kHz) 


Input Bias Current MC1445 
(lig = (14 + 1g)/2} MC1545 


Input Offset Current 


bo: 


ii i 
<= 
N 


Ny 
N 


MC1445 
MC1545 


Input Offset Voltage 


Quiescent Output dc Level 


Output de Level Change 
(Gate Voltage Change: +5.0 V to 0 V) 


Common-Mode Rejection Ratio 
(f = 50 kHz) 


{nput Common-Mode Voltage Swing 


Gate Characteristics 
Gate Voltage Low (See Note 1) MC1445 
MC1545 


MC1445 
MC1545 


Gate Current Low MC1445 
(Gate Voltage = 0 V) MC1545 


Gate Current High MC1445 
(Gate Voltage = +5.0 V) MC1545 


Step Response MC1445 
(ein = 20 mv) MC1545 


MC1445 
MC1545 
MC1445 
MC1545 


MC1445 
MC1545 


Gate Voltage High (See Note 2) 


Wideband Input Noise 
(5.0 Hz - 10 MHz, Rg = 50 ohms) 


DC Power Dissipation ; MC1445 11, 20 
MC1545 


Note 1 Voo. is the gate voltage which resuits in channel A gam Of UNTity oF less and channel B gain of 16 dB or greater. 
Note 2 VGou is the gate voltage which results in channel B gain of unity or less and channel A gain of 16 dB or greater. 
*Symbols conform to JEDEC Engineering Bulletin No. 1 when applicable. 


FIGURE 13 — OUTPUT VOLTAGE SWING TEST CIRCUIT 


.0V -5.0V 


Toac 


@in = 200 mV(rms) 
f = 50 kHz 


®in = 50 mV(rms) ~) 


f = 50 kHz 


FIGURE 15 — OUTPUT IMPEDANCE TEST CIRCUIT 


+5.0V -5.0V 


To ac 
Voltmeter 


in = 50 mV{rms) 
f = 50 kHz 


> 
FIGURE 17 — INPUT OFFSET VOLTAGE AND QUIESCENT 
OUTPUT LEVEL TEST CIRCUIT 
+5.0V -5.0V 
. 9 
7 (8) Adjust R1 until V4 
1.0 reads 0 Volts then 


read Ege. 


Ry 
100 k Vin = 
10° j00 


10 Turns 


Vode) = V2 ? 


-5.0V 


+5.0V 


Voltmeter 


E 
| 
@jn = 1.0 Vrms) ‘es | 


f = 50 kHz 


FIGURE 14 — INPUT IMPEDANCE TEST CIRCUIT 


+5.0V 


-5.0V 


To ac 
Voltmeter 


FIGURE 16 — INPUT BIAS CURRENT AND INPUT 
CFFSET CURRENT TEST CIRCUIT 


+5.0V -5.0V 


10 is the difference in current 
reading when either Sq or S2 
is switched. 


+5.0V 


FIGURE 18 — GATE CURRENT (HIGH AND LOW), 
COMMON-MODE REJECTION AND 
COMMON-MODE INPUT RANGE TEST CIRCUIT 


+5.0V 


-5.0V 


| 
= | 
L. 


Number in parenthesis denotes pin for F and L packages, number at left in each case denotes corresponding pin for G package. 


(AA) MOTOROLA Semiconductor Products inc. 


FIGURE 19 — PROPAGATION DELAY AND RISE AND 


FALL TIMES TEST CIRCUIT 


To “A” Channel 
of Scope 


+5.0V -5.0V 


10 (1) 


tr =t¢<5.0 ns 


Number in parenthesis denotes pin for F and L packages, 


number at left in each case denotes corresponding pin for G package. 


6(7) To “B” Channel 


Scope — 
Tektronix 567 
or equiv 


of Scope 


G SUFFIX 


METAL PACKAGE 


CASE 602A 
0.335 
0.370 = 
0 DIA 0.180 
0.3539 MAX 
DIA 
i INDEX 
+ — NOTCH 
anes “N 
MAX 


015 


oO 
0.023 


| Pin 7 connected to case 


CASE OUTLINES 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


TO-116 


0290 SEATING 
O30 PLANE 


Weight = 1.954 grams 


All JEDEC T0-116 dimensions and notes apply 


© This dimension it measored trom the lead centers 
at the mating plane. 
©@ Orientation walt be indicated either by mechanical 


| index point or notch in pin 1 as shown. 


Circuit diagrams utilizing Motorola products are included as @ means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 


4983-1 PRINTED IN USA 10-71 IMPERIAL LITHO 825251 10m 


FIGURE 20 — POWER DISSIPATION AND WIDEBAND 


INPUT NOISE TEST CIRCUIT 
+5.0V -5.0V 


(v) True rms Voltmeter 
with Bandwidth of 
5.0 Hz to 10 MHz 


Vo 
VN(in) = 


Open Pp =5 (It +I") 


FIGURE 21 — LIMITING CHARACTERISTIC 


fout, DIFFERENTIAL OUTPUT VOLTAGE (Vp-p) 
n 
o 


is believed to be entirely reliable. 
assumed for inaccuracies. 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 


Vcc = + 5.0 VOLTS 


6(7) 


! 
100 200 300 400 500 
tin, SINGLE-ENDED INPUT VOLTAGE (mVp-p) 


F SUFFIX 
CERAMIC PACKAGE 
CASE 607 
TO-86 

i 
ee | u 
ade 7 cr 
T 0.030 
sre 4 0.070 
SEATING’ Tp RSE 
PLANE 


Lead 1 identified by color dot or by elbow on lead. 


All JEDEC dimensions and notes apply 


Weight = 0.218 Gram 


However, no responsibility is 
Furthermore, such information does not 


KA MOTOROLA Semiconductor Products inc. —— 


BOX 20912 © PHOENIX, ARIZONA 85036 e A SUBSIDIARY OF MOTOROLA INC. 


Petes U4, LEE LIA, VIP ZLIB, PIPZYC 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP30, TIP30A, TIP30B, TIP30C 


e 30 W at 25°C Case Temperature 
e 1A Rated Collector Current 
e Min fy of 3 MHz at 10 V, 200 mA 


ILATING 


mechanical data 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


THIS PORTION OF LEADS. | 
FREE OF FLASH jj 
BASE — ————__ 

COLLECTOR —e« = 


0500 


¥S60189 S10 ‘ON NIL3177N@ S390v7d3aH 
D67dIL “BEZdIL ‘WEZdIL ‘6ZdIL SAGAL 


MECHANICAL INTERCHANGEABILITY OF TiP29 
PLASTIC PACKAGE WITH TO.66 OUTLINE 


O46L H3SOL90’LZELLOZ SIG ‘ON N 


e96l ATNr’ 


02100 00% CASE TEMPERATURE 
0190 0029 0030 MIN / MEASUREMENT POINT 
(2 PLACES) 
——a- eee _ 


0040 
RAD (2 PLACES) 
(10.66 DIMENSIONS) 


ALL DIMENSIONS ARE IN INCHES 


»® absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP29. TIP29A TIP29B TIP29C 


Collector-Base Voltage . 2... ....... Sut SS fe 40V 60 V 80 V 100 V 
Collector-Emitter Voltage (See Note 1) gh SP oS eke A A 40V 60 V 80 V 100 V 
Emitter-Base Voltage 0) GS Ge oN OM Bee ee GE Beer er ee <._—__——- 5 V ——____» 


Continuous Collector Current —<.—!§|_——— 1A ————_ > 


Peak Collector Current (See Note 2) 

Continuous Base Current GG dee Ge: Bk & 

Safe Operating Region at (or below) 25°C Case Temperature 

Continuous Device Dissipation at (or below) 25°C Case 
Temperature (See Note 3) Be Ts ose sn oy 

Continuous Device Dissipation at (or below) 25°C Free-Air 
Temperature (See Note 4) ee 

Unclamped Inductive Load Energy (See Note 5) 


<—_—_—_—_——- 3A ————_» 
<._———_ 0.4 A ——______» 
<at_———- See Figure 5 —————_» 


< 30 W > 


<_____2w ——_____ _» 
<—______32 mj —____» 


<—t——- ~—65°C to 150°C —__—__» 
<at——__ 65°C to 150°C —__m» 
<< _ 260°C —______» 


Operating Collector Junction Temperature Range a 4 
Storage Temperature Range if a ner th ke Be 
Lead Temperature 1/8 Inch from Case for 10 Seconds 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for tw < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 150°C case temperature at the rate of 0.24 W/C., 

4. Derate linearly to 150°C free-air temperature at the rate of 16 mW/C. 

5. This rating is based on the Capability of the transistor to operate safely in the circuit of Figure 2, L= 20 mH, Reei1 = 1002, 


Vep2 = OV. Rg = 0.1 2, Voge = 10 V. Energy © Ie2L/2. 


i ee ee 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


( ° WYiTED WOW, bare 
. e=c=am, 


P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


oe omen ares eae = 


DARAMETER [ARASUREMENT INFORMATION 


—_— 2 OUTPUT 


1kQ 
INPUT G-——> 150 Q 
512 $ 3 
= s" 30V 
4.4V—= 
o | ) 7 I 5 
a a 
TEST CIRCUIT 
40.1V 
10% INPUT 
90% 


90% — | 
| OUTPUT 
10% — 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, < 1S os, ty < ns, Tay = 502, = 10 ps, duty cycle < 2%. 
b. Waveforms ore monitored on an oscilloscope with the following characteristics: t, < 1S os, R,, = 10 MO, G, < 115 pr. 
c. Resistors must be noninductive types. 


d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


MAXIMUM SAFE OPERATING REGION 
ees See 


MAX Vegg_ TIP30 


¥ ~0,2 ————-} 
MAX Vee. TIP30A 


— Collector Current — A 


-10 ~20 ~40 -70 = -100 
Vce — Collector-Emitter Voltoge — V 


6 FIGURE 2 


= pera ee ae yt . = sae “ - Sao a 


68 fe) ; 
TEXAS INSTRUMENTS 6137 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


‘ . iP AAAS ite ey MAMWa aI Wew so ett « eh set2 


SMALL SIGNAL CHARACTERISTICS 


e£ 


* Bc 


~10 VOL 


CHARACTERISTICS RELATIVE TO VALUE AT Ty 


CHARACTERISTICS RELATIVE TO VALUE AT Veg * 


Veg = COLLECTOR VOLTAGE - VOLTS : \y - AMBIENT TEMPERATURE - “C 
h PARAMETERS (f = 1 ke) 
Symbol * Min. Typ. Max. Units Test Conditions 
hie Input Resistance 480 2000 ohms Tn = 10mA Vor =-10 V 
Noe Output Conductance 80 1200 ymhos Tn = 10mA Vcr =-10 V 
bie Voltage Feedback Ratio 162 1500 x10 1, = 10mA Vop =-10 V 
bee Small Signal Current Gain 100 Io = 10mA Vor =-10 V 


TYPICAL ELECTRICAL CHARACTERISTICS 


SWITCHING TIMES VERSUS SWITCHING TIMES VERSUS RISE TIME VERSUS COLLECTOR 
COLLECTOR CURRENT AMBIENT TEMPERATURE AND TURN ON BASE CURRENTS 
= 
¥ 2 g 
1 : Z p 
e eet 
emia 
Ig > COLLECTOR CURRENT - mA Ty ~ AMBIENT TEMPERATURE - “C Ig - COLLECTOR CURRENT - mA 
Ton AND Torr TEST CIRCUIT 
-30V 
4.0V 
30 
0.47 Vind 
+—}—o TO SAMPLING 
* 330 - OSCILLOSCOPE 
; ' ty <Insec 
PULSE GENERATOR 1.0 140 Zin 20.1M0 
Vin = -9V cH ++ Kn 
ty, ty S6nsec | | 
PW. = O.5Spsec 75 
Zin = 500 500pf 


Fairchild cannot assume responsibility for use of any circuitry described. No circuit patent licenses are implied. 


> 
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TYPICAL ELECTRICAL CHARACTERISTICS | 


VOLTAGE VERSUS COLLECTOR VOLTAGE VERSUS COLLECTOR 
CURRENT CURRENT 


é 
os 


PULSED COLLECTOR SATURATION PULSED BASE SATURATION 


anni 
THES 


=e 
iB 


i 


Ver (sat) - BASE-EMITTER SATURATION VOLTACE - VOLTS 


Vegisat) - COLLECTOR EMITTER SATURATION VOLTAGE - VOLTS 


“1.0 -10 ~100 500 
Ig - COLLECTOR CURRENT - mA Ic ~ COLLECTOR CURRENT - mA 
COLLECTOR REVERSE CURRENT COLLECTOR REVERSE CURRENT 
VERSUS REVERSE BIAS VOLTAGE VERSUS AMBIENT TEMPERATURE 


‘egg ~ COLLECTOR REVERSE CURRENT - pA 


‘ogg - COLLECTOR REVERSE CURRENT - nA 


“0 10 © 30 © wo 0 
Voe ~ COLLECTOR TO EANTTER VOLTAGE - Vous | ~ AMBIENT TEMPERATURE ~ °C 


INPUT AND QUTPUT CAPACITANCES CONTOURS OF CONSTANT GAIN 
VERSUS REVERSE BIAS VOLTAGE: BANDWIDTH PRODUCT (f,) 


-p 


C ~ CAPACITANCE 


Vo ~ COLLECTOR EMITTER VOLTAGE - VOLTS 


REVERSE BIAS VOLTAGE - VOLTS Ie ~ COLLECTOR CURRENT - mA 


vk pan 
Vad 


P Uap TRGALMIS, WS OARS, PAN See 5 
ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted) 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS TEST CONDITIONS 
pr al 
Voglsat) Collector Saturation Voltage (Pulsed, see Note 5) -0.08 -0.25 Volts To = 50 mA Ip = 2.5 mA 
Voz (sat) Collector Saturation Voltage (Pulsed, see Note 5) -0.18 -0.4 Volts Io = 150 mA I, = 15 mA 
Voplsat) Collector Saturation Voltage (Pulsed, see Note 5) -0.5 -1.0 Volts In = 300 mA I, = 30 mA 
Vv (sust) Collector to Emitter Sustaining Voltage 2N3645 -60 Volts I, = 10 mA I, = 0 

CEO C (pulsed 
(Notes 4 & 5) 2N3644 -45 Volts (pulsed) 
Vig (sat) Base Saturation Voltage (Pulsed, see Note 5) -0.9 -1.0 Volts lo * 50 mA I, = 2.5 mA 
Vip ls3t) Base Saturation Voltage (Pulsed, see Note 5) -1.0  -1.3 Volts Io = 150 mA I, = 15 mA 
Voglsat) Base Saturation Voltage (Pulsed, see Note 5) -0.8 -2.0 Volts Io = 300 mA I, = 30 mA 
BVERBO Emitter to Base Breakdown Voltage ‘ -5.0 Volts Io = 0 Ip = 10 ypA 
BVago Collector to Base Breakdown Voltage 2N3645 -60 Volts To = 100 pA Ip = 0 
2N3644 -45 Volts 
oo Turn On Time (Note 6) s 30 40 nsec Ig ~ 300 mA Ini wz 30 mA 
‘ott Turn Off Time (Note 6) 65 100 nsec Io = 300mA, Ini = 30mA, The & 
logs Collector Reverse Current 2N3645 35 nA Vor -50 V Vor * 0 
2N3644 35 nA Vor -30 V Vor = 0 
logs Collector Reverse Current (+65°C) eNgaS 2.0 pA Vor= -50 V Var = 0 
2N3644 2.0 pA Vor= -30 V VBE = 0 


TYPICAL ELECTRICAL CHARACTERISTICS 


COLLECTOR CHARACTERISTICS ° 


mA 


= 
& 
& 
2 
eo 
iS 
@ 4 
3 
vu 
a 
0 “20 ~40 ~0 “80 =100 
Veg - COLLECTOR EMITTER VOLTAGE - VOLTS 
BASE CHARACTERISTICS « 
-500 
< —@ 
€ 
FS 
= “30 
aa 
3 
Ss 
3 -20 
5 
s 
4 


0.8 
Vee ~ BASE EMITTER VOLTAGE - VOLTS 


0 04 “A? 


© Single family characteristics on Transistor Curve Tracer. 


~ COLLECTOR CURRENT -mA 


~ FORWARD CURRENT TRANSFER RATIO 


"Ne 


COLLECTOR CHARACTERISTICS” 


Ie 


Vee” COLLECTOR EMITTER VOLTAGE - VOLTS 


DC PULSED CURRENT GAIN 
VERSUS COLLECTOR CURRENT 


i 
0.1 10 “10 - 500 


Ic ~ COLLECTOR CURRENT - mA 
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PNP HIG CURRENT SWITCHES 


e DIFFUSED SILICON PLANAR EPITAXIAL TRANSISTORS 


These PNP silicon PLANAR epitaxial transistors are designed for digital and analog applications 


at current levels up to 500 milliamperes. Their high beta, high {,, at high current and high PHYSICAL DIMENSIONS 


Epoxy package 
LVaro: make them ideal for use as line drivers and memory applications. 


ABSOLUTE MAXIMUM RATINGS [Note 1] 
Maximum Temperatures 


Storage Temperature -55°C to +125°C 


Operating Junction Temperature +125°C Maximum 
‘Lead Temperature (soldering, 10 sec time limit) +260°C Maximum 
Maximum Power Dissipation 2N3645 2N3644 
Total Dissipation at 25°C Case Temperature (Notes 2 & 3) 0.7 Watt 0.7 Watt 
at 25°C Free Air Temperature (Notes 2 & 3) 0.3 Watt 0.3 Watt 


Maximum Voltages 


Veso Collector to base Voltage -60 Volts -45 Volts ee 
Vo FO Collector to Emitter Voltage (Note 4) -60 Volts -45 Volts Sockecs ocecreite Wes: 
Vepo Emitter to Base Voltage -5.0 Volts -5.0 Volts Paclogenoen's 046 nam 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 
SYMBOL CHARACTERISTIC . TYP: MAX. UNITS TEST CONDITIONS 


~ 


DC Current Gain 
DC Current Gain 
DC Pulse Current Gain (Note 5) 
DC Pulse Current Gain (Note 5) 


a 
Qa 9a 
ho 


<< << 
ie) 
it] 


(= Jee Jae 
mete 
Q AQ: a 
io] 

Lt] 


DC Pulse Current Gain (Note 5) 
DC Pulse Current Gain (Note 5) 
High Frequency Current Gain (f = 100 Mc) 


> 
Q 
te] 


= 
i?) 
ts] 


= 
Q 
i] 


Common Base Output Capacitance 


a 
w 
«<<< <« e ead 


— ttt 
Qiaa a a 
<<<<< 


Common Base Input Capacitance 


is) 
ao 


Additional Etectrical Characteristics on page 2 ‘ 7 


NOTES: 
(1) These ratings are limiting values above which the serviceability of any individual semiconductor may be impaired, 
(2). These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 


(3) These ratings give a maximum junction temperature of 125°C and junction-to-case thermal resistance of 143°C/Watt (derating factor of 7.0 mW/°C); junction-to-amblent 
-thermal resistance of 333°C/Watt (derating factor of 3.0mW/°C). 


(4) Rating refers to a high-current point where collector-to-emitter voltage is lowest. 
(5) Pulse Conditions: length = 300 psec; duty cycle = 1%. 


(6) See switching circult for exact values of lu. Le and Tao 
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SEMICONDUCTOR 
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ve 23567 - 2N3568 


a NPN GENERAL PURPOSE TYPES 


DIFFUSED SILICON PLANAR® EPITAXIAL TRANSISTORS 


The 2N3567 and 2N3568 are NPN silicon PLANAR ‘epitaxial transistors designed pri- 
PHYSICAL DIMENSIONS 


marilyfor amplifier and switching applications over a wide range of voltage and current. a ee 
JEDEC (TO-105) outiine 


These devices feature a useful beta range to 500 mA and low saturation voltage. High 


collector -to-emitter voltage allows operation to 60 volts for the 2N3568 and 40 volts for 


the 2N3567. 
ABSOLUTE MAXIMUM RATINGS [Note 1] 


Maximum Temperatures 


Storage Temperature -55°C to +125°C 
Operating Junction Temperature +125°C Maximum ~ 
Lead Temperature (Soldering, 10 sec. time limit) 4260°C Maximum 


Maximum Power Dissipation 


Total Dissipation at 25°C Case Temperature (Notes 2 & 3) 0.8 Watt 
at 25°C Ambient Temperature (Notes 2&3) — 0.3 Watt nines daca eres 
Maximum Voltages 2N3567 2N3568 one 
YcRo Collector to Base Voltage 80 Volts 80 Volts 
Vero Collector to Emitter Voltage (Note 4) 40 Volts 60 Volts 
VeRO Emitter to Base Voltage 5.0 Volts . 5.0 Volts 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


2N3567 2N3568 
Symbol Characteristic Min. Typ. Max. Min. Typ. Max. Units Test Conditions 
hee DC Pulse Current Gain (Note 5) 40 80 120 40 80 120 Io = 150 mA Yor 
hee DC Pulse Current Gain (Note 5) 40 40 Io = 30 mA Vor = 
Vop(sat) Collector Saturation Voltage 0.15 0.25 0.15 0.25 Volts Io = 150 mA In = 15 mA 
(pulsed, see note 5) Ba . 
Vip (sat) Base Saturation Voltage 0.9 11 0.9 1. Volts I = 150 mA In = 15 mA 
(pulsed, see note 5) ‘ 
Nes High mreueney Current Gain 3.0 3.0 ° | Ip = 50 mA Wen #10 ¥ 
Cobo Open Circuit Output Capacitance 13 20 13 20 pF Ip = 0 Yop = 10 V 
Cibo Open Circuit Input Capacitance 6 63 80 . 63 80 pF Io = 0 Ves = 0.5 V 
lopo Collector Cutoff Current 50 50 nA Ip = 0 Yop = 40 V 
Topo l?5°C) Collector Cutoff Current 5.0 5.0 LA Ir = 0 Yop = 40 V 
leRo Emitter Cutoff Current 25 25 nA Io = 0 von = 40 V 
BVono Collector to Base Breakdown Voltage 80 80 Volts I, = 0 Io = 100 pA 
Vogolsust) Collector to Emitter Sustaining Voltage 40 60 Volts In = 30 mA Ip = 0 
(Notes 4 and 5) (pulsed) 


BV Emitter to Base Breakdown Voltage = 0 
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COLLECTOR SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT 


Vee fsat) ~ COLLECTOR SATURATION VOLTAGE - VOLTS 
-@ 


+ NOISE FIGURE 
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NEUTRALIZED 200 MC POWER GAIN AMPLIFIER TEST CIRCUIT 


L,; — 3.5 Turns No. 16 wire; 
5/16 Dia; 7/16 Long. 
Turns Ratio 4 to 2 

L, — 8.0 Turns No. 16 wire; 
1/8 Dia; 7/8 Long. 
Turns Ratio 8 tol 

Ls — 0.4-0.65 wh (adjustable core) 


NOTES: 


nec 


DO pt Oot 


oat 
re Impedance 
2s00 


Transistor 
Under 


Test 


Ne” FORWARD CURRENT TRANSFER RATIO 


01 o.1 1.0 i) 100 
le - COLLECTOR CURRENT = mA 


CONTOURS OF CONSTANT 
BANDWIDTH PRODUCT (fh) 


~ VOLTS 


= COLLECTOR VOLTAGE 


ie - COLLECTOR CURRENT - mA 


CONTOURS OF CONSTANT 
NOISE FIGURE 


R, + SOURCE RESISTANCE 


fe - COLLECTOR CURRENT - mA 


MAXIMUM AVAILABLE 
GAIN VERSUS FREQUENCY 


MAXIMUM AVAILABLE GAIN 


{ - FREQUENCY - me 


* Single family characteristics on Transistor Curve Tracer. 


(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 


(2) These ratings give a maximum junction tem, 


ambient thermal resistance of 500°C /Watt (derating factor of 2.0 mW/°C). 


(3) Rating refers to a high-current point where collector-to-emitter voltage is lowest. 


(4) Pulse Conditions: length = 300 usec; duty cycle < 1%. 


(5) Forward gain (db) + reverse gain (db) < (-20db). See test circuit. 


(6) £ = 60 mc; Ry = 400 2 


perature of 125°C and junction-fo-case thermal resistance of 200°C/Watt (derating factor of 5.0mW “C); junction-to: 


(71) C_, is measured using a three -terminal measurement technique with case and emitter guarded. Cop is equivalent to Cle 


cb 
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2N3563 
NPN LOW LEVEL RF AMPLIFIER 


© DIFFUSED SILICON PLANAR EPITAXIAL TRANSISTOR 


The 2N3563 is an NPN silicon PLANAR epitaxial transistor designed for low-level RF 


applications. It features high power gain, low noise and low leakage in a new solid package PHYSICAL DIMENSIONS 
z 2 + Epoxy package 
designed to give maximum mechanical support to the transistor chip. TO-106 


ABSOLUTE MAXIMUM RATINGS [Note 1] 


Maximum Temperatures 


Operating Junction Temperature #125°C Maximum 
Storage Temperature -55°C to +125°C 
Soldering Temperature (10 sec. time limit) . +260°C Maximum 


Maximum Power Dissipation 


Total Dissipation at 25°C Case Temperature (Note 2) 0.5 Watt 
at 65°C Case Temperature (Note 2) . 0.3 Watt 
at 25°C Ambient Temperature (Note 2) 0.2 Watt 


Maximum Voltages 


Yoso Collector to Base Voltage 30 Volts NOTES: simon crs inenay 
Yoo Collector to Emitter Voltage (Note 3) 12 Volts pire shh ldo aen aun 
© VeRO Emitter to Base Voltage 2.0 Volts 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


Characteristics Min. Typ. Max. Units Test Conditions 


cl 


DC Pulse Current Gain (Note 4) 20 50° 200 Cc "CR 
Vop(sat) Collector Saturation Voltage 0.1 Volts Io = 10 mA a = 1.0 mA 
Cobo Open Circuit Output Capacitance 1.3 1.7 pf le = 0 Von = 10 V 
Cop Collector-base Transfer (Note 7) 0.8 pf I, = 0 Yon = 10 V 
logo Collector Cutoff Current 50 nA I, = 0 Von = 15 V 
foro ‘as a Ft _ * = 
Tago if Cc) Collector Cutoff Current 5.9 pA Ip = 0 Von = 15 V 
hee High Frequency Current Gain (f = 100 me) 6.0 9.0 a = 8.0 mA Vor = 10 V 
G “ Available Power Gain (neutralized) (Note 5) 14 ‘17 db Io = 8.0 mA Yor = 10 V 
P (f = 200 mc) ; 
NF Noise Figure (Note 6) 4.0 db In = 1.0 mA Yor = 6.0 V 
roc Collector-Base Time Constant ‘ © 8d 15 25 psec I = 8.0 mA ¥ = 10 V 
b “ce Cc CB 
(f = 79.8 me) 
hr, Small Signal Current Gain (f = 1.0 Ke) 20 250 In = 8.0 mA Vor = 10 V 
BVaRo Collector to Base Breakdown Voltage 30 Volts I, = 0 Io = 100 pA 
Verolsust) Collector to Emitter Sustaining Voltage 12 Volts To = 3.0 mA I = 0 
(Notes 3 and 4) (pulsed) 5 
BVEBO Emitter to Base Breakdown Voltage 2.0 Volts Io = 0 I = 10 pA 


Copyright 1965 by Fairchild Semiconductor, a division of Fairchild Camera and Instrument Corporation 
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INABHZE o2N&AS55 > 2N43590 


‘ 
PNP LOW LEVEL, LOW NOISE AMPLIFIERS 
AND HIGH CURRENT SWITCHES 
DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTORS 
° HIGH BREAKDOWN. ....... —60 AND —80 VOLT (MIN) LVc¢q 
* EXCELLENT BETA LINEARITY. . . FROM 100 #A TO 500 mA se VRERUDINENSIONS 
* LOW NOISE FIGURE....... 3 dB (MAX) AT 1.0 kHz sceucersance wih 
LOW Veg a Gis er ese ws 1.0 VOLT (MAX) AT Ic = 1.0A 
* COMPLEMENTARY WITH 2N3567,2N3568, 2N3569 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Maximum Temperatures ° 


Storage Temperature —55°C to +125°C 
Operating Junction Temperature 125°C 
Lead Temperature (Soldering, 10 second time limit) 260°C 
Maximum Power Dissipation (Notes 2 and 3) 
Total Dissipation at 25°C Case Temperature p 0.8 Wait 
at 25°C Ambient Temperature ' 0.35 Watt 
2N4354 
Maximum Voltages 2N4355 2N4356 
Veso Collector to Base Voltage —60 Volts —80 Volts 
Vero Collector to Emitter Voltage (Note 4) —60 Volts —80 Volts 
Ves Emitter to Base Voltage —5.0 Volts —5.0 Volts 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 
2N4354 2N4355 


2N4356 


NOTES: 
(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 


(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 
(3) 
resistance of 286°C/Watt (derating factor of 3.5 mW/°C). 

Rating refers to a high current point where collector to emitter voltage is lowest. 
Pulse Conditions: tength == 300 ys; duty cycle = 1%. 

See switching circuit for exact values of Ic, Isi, and lez. 


(4) 
(5) 
(6) 
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SYMBOL CHARACTERISTIC TYP. MAX. TYP. TYP. MAX. TEST CONDITIONS 
hee DC Pulse Current Gain (Note 5) 25 =:160 Ico = 1004A Vo, =—10V 
FE DC Pulse Current Gain (Note 5) 40 180 Ic =1mA Voge = —10V 
hee DC Pulse Current Gain (Note 5) 50 180 250 Ig=10mA VQ, =—10V¥ 
hee DC Pulse Current Gain (Note 5) 40 170 16 = 100 mA Vo, = —10V 
hee DC Pulse Current Gain (Note 5) 30=— 160 Io = 500 mA Veg = —10V 
Nie High Frequency Current Gain Ic = 50mA Veg = —10 v 
(f = 100 MHz) 
BVcs0 Collector to Base Breakdown Voltage | —60 —80 Volts Ip =10uA 1,=0 
BV E85 Emitter to Base Breakdown Voltage —5.0 Volts I, =0 I, = 102A 
Veeojsusy ‘Collector to Emitter Sustaining —80 Volts I-=10mA 1,=0 
Voltage (Notes 4 and 5) (pulsed) 
Voetsat] Pulsed Collector Saturation Voltage Volts Ig =10A 1,=100mA 
(Note 5) 
Voc sat} Pulsed Base Saturation Voltage Volts Io=10A 1,=100mA 
. (Note 5) 
Vee(on) Pulsed Base Emitter “ON” Voltage —1.05 —1.20 Ic = 100A Vog=—1.0V 
(Note 5) 


a 


240 
MAL 


NOTES Al dimensions in inches 
Leads are gold-olsted hovar 
Pachoge ts electrically Non- 
conductive maternal 
Package weight 11 0 66 gram 


*Planar is a patented Fairchild process. 


These ratings give a maximum junction temperature of 125°C and junction to case thermal! resistance of 125°C/Watt (derating factor of 8.0 mW/°C); junction to ambient thermal 
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l FAIRUEILD LNANSISTONS 2N4394 * 2N4355 © 24356 | 
i ae 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 
SYMBOL - CHARACTERISTIC F A UNITS TEST CONDITIONS 


Veeisat) Pulsed Collector Saturation Voltage (Note 5) . Volts Ig =150mA 1,=15mA 

CEfsat) Pulsed Collector Saturation Voltage (Note 5) E Volts Io =500mA 1, = 50mA 
Voctsat) Pulsed Base Saturation Voltage (Note 5) Volts [p= 150mA 1,=15mA 
Pulsed Base Saturation Voltage (Note 5) : Volts Io =500mA 1, = 50 mA 


BE(sat) 
Pulsed Base Emitter “ON” Voltage (Note 5) Volts [= 500mA Vp =—0.5V 


BE(ON} 


lego Collector Cutoff Current F nA i; =0 Veg = —50V 
logo(+75°C) Collector Cutoff Current i BA I, =0 Vog = —50V 


Emitter to Base Current : nA Ip =0 Veg = —4.0V 

Collector to Base Capacitance (f = 1.0 MHz) pF IL =0 Vog = —10V 

Emitter to Base Capacitance (f = 1.0 MHz) pF I, =0 Vig = —O.5V 

Turn-on Time (Note 6) ns Ig = 500 mA |3, = 50 mA 

Turn-off Time (Note 6) ns Io =~ 500 mA |g, =~ 50 mA 
|32 << —50 mA 

Noise Figure (f == 1.0 kHz) H i dB Ig =1004A VQ =—10V 
Ry = 1.0 k2 


le80 


TYPICAL ELECTRICAL CHARACTERISTICS 


COLLECTOR CHARACTERISTICS® COLLECTOR CHARACTERISTICS® BASE CHARACTERISTICS® 


Ig - COLLECTOR CURRENT - mA 


Ig - COLLECTOR CURRENT - mA 
lig = COLLECTOR CURRENT - mA 


0 
o 2000 4.0 6.0 “4.0 “10 0 0.4 08-12 “162.0 
Vog - COLLECTOR-EMITTER VOLTAGE - VOLTS Vg * COLLECTOR “EMITTER VOLTAGE - VOLTS Vag ~ BASE-CMITIER VOLTAGE - VOLTS 
BASE CHARACTERISTICS® 


COLLECTOR CHARACTERISTICS® COLLECTOR CHARACTERISTICS® 


Ig COLLECTOR CURRENT - ma 
ig = COLLECTOR CURRENT - ma 


te ~ COLLECTOR CURRENT - mA 


i) 20 410 6.0 40 “to o 0.4 0.8 “Al? “16 2.0 
Veg ~ COLLECTOR EMITTER VOLTAGE - VOLTS Vag ~ BASE-EMITIER VOLTAGE - VOLIS 


Veg ~ COLLECTOR MITTER VOLTAGE ~ VOLTS 


Je 


“Single family characteristic on Transistor Curve Tracer. 
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| FAIRCHILD TRANSISTORS 2N5003 + 2N5005 


, © TYPICAL ELECTRICAL CHARACTERISTICS 
2N5003 
COLLECTOR CHARACTERISTICS COLLECTOR CHARACTERISTICS COLLECTOR CHARACTERISTICS 

5.6 5.0 5.0 
S geo Be 
: 30 =*0 é 3 
Ee Ba Ee 
Z g g 
wl wr. wu 


0 -20 -40 -60  -@0 10 an ne “80-10 
Vee ~ COLLECTOR TO EMITTER VOLTAGE - VOLTS Ver + COLLECTOR TO EMITTER VOLTAGE - VOLTS Vce - COLLECTOR TO EMITTER VOLTAGE - VOLTS 
DC PULSE CURRENT GAIN SWITCHING TIMES VERSUS 
VERSUS COLLECTOR CURRENT COLLECTOR CURRENT 


hee - OC PULSE CURRENT GaIN 
SWITCHING TIMES -ns 


° 
001002 005 01 02 05 10 20 50 0 1.0 2.0 3.0 40 5.0 
Tc - COLLECTOR CURRENT-AMPS 1c - COLLECTOR CURRENT- AMPS 


2N5005 


COLLECTOR CHARACTERISTICS COLLECTOR CHARACTERISTICS 
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FAIRCHILD TRANSISTORS 2N5003 + 2N5005 


TYPICAL ELECTRICAL CHARACTERISTICS 


COLLECTOR CHARACTERISTICS COLLECTOR CHARACTERISTICS COLLECTOR CHARACTERISTICS 
SATURATION REGION SATURATION REGION SATURATION REGION 
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BASE CHARACTERISTICS BASE CHARACTERISTICS BASE CHARACTERISTICS 
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COLLECTOR SATURATION VOLTAGE BASE SATURATION VOLTAGE VS. COLLECTOR CUTOFF CURRENT 
VS. COLLECTOR CURRENT COLLECTOR CURRENT VERSUS COLLECTOR VOLTAGE 
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FAIRCHILD TRANSISTORS 2N5003 + 2N5005 


ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted) 


€ 2N5003 2N5005 


SYMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 

Vag (Sat) Pulsed Base Saturation Voltage (Note 3) -11 —1.45 -1.1 -145 Volts 1,=2.5A 1, = 0.25A 

Voc (sat) Pulsed Base Saturation Voltage (Note 3) —1.55 —2.2 —1.55 —2.2 Volts 1.=5.0A I, =0.5A 

Vpe(on) Pulsed Base Emitter “ON” Voltage (Note 3) —1.45 —145 Volts [. =2.5A Veg =—-5.0V 

lees Collector Cutoff Current 0.006 1.0 0.006 1.0 uA Vop= ~60V Vee = 0 

lego Emitter Cutoff Current 1.0 1.0 vA Ip =0 Vez = 4.0V 

loey(150°C) — Collector Reverse Current 500 500 pA OVGg = —60V Vy = 2.0V 

Cy Collector to Base Capacitance 170 250 170 250 pF ouig =0 Vea = —10V 
NOTES: 


(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) This rating refers to a high current point where collector to emitter voltage is lowest. For more information send for Fairchild Publication APP-4/2. 
(3) Pulse Conditions: length = 300us; duty cycle = 1%. 

{4) Contact factory fer maximum permissible power under pulsed or reverse biased operating conditions. 


MAXIMUM PERMISSIBLE DC FORWARD BIASED POWER DISSIPATION 


Pp - POWER DISSIPATION - WATTS 
To- CASE TEMPERATURE -°C 


Vce — COLLECTOR TO EMITTER VOLTAGE - VOLTS 


i eo awe 


LiS “USED SILICON PLAHAR* 


E 2N5002 + 2N5004 


FEATURES 


HIGH POWER --50 WATTS @ T, = 50°C, Vo, =~-40V 
HIGH VOLTAGE -- —80V (MIN) LVc¢o 

° HIGH CURRENT SAT. VOLTAGE-- —1.5V (MAX) V,(sat) @ 5.0A 
HIGH FREQUENCY - - 60 AND 70 MHz (MIN) f, 

© BETA GUARANTEED @ 3 POINTS -- 50 mA, 2.5A AND 5.0A 

ISOLATED COLLECTOR PACKAGE -- NO ISOLATING HARDWARE REQUIRED 
DISCRETE EMITTER GEOMETRY WITH INTEGRATED FEEDBACK RESISTORS 


“ABSOLUTE MAXIMUM RATINGS (Note 1) 


Maximum Temperatures 


Storage Temperature 65°C to +200°C 
Operating Junction Temperature — 65°C to +200°C 
Lead Temperature (Soldering, 60 seconds time {imit) +300°C 
Maximum Power Dissipation 
Total Dissipation at 50°C Case Temperature, Vg =— 40V 50 Watts 
(See Maximum Permissible Power Curve and Note 4) 
Maximum Voltages and Current 
Voces Collector to Emitter Voltage — 100 Volts 
© Voeo Collector to Emitter Voltage (Note 2) — 80 Volts 
Yeso Emitter to Base Voltage — 5.5 Volts 
ic Collector Current 5.0 Amps 


ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted) 


2N5003 2N5005 


SYMBOL CHARACTERISTIC 


Voeo(sust) Collector to Emitter Sustaining Voltage (Notes 2 and 3) 
BY ces 


BY E80 


Collector to Emitter Breakdown Voltage 
Emitter to Base Breakdown Voltage 

DC Pulse Current Gain (Note 3) 

Neg DC Pulse Current Gain (Note 3) : 
hee(—55°C) DC Pulse Current Gain (Note 3) 90 
DC Pulse Current Gain (Note 3) 77 
High Frequency Current Gain (f = 20 MHz) © 3.0° 4.05 3.5 4.85 
Pulsed Collector Saturation Voltage (Note 3) —0.45 —0.75 
Pulsed Collector Saturation Voltage (Note 3) -0.9 -15 


hy, 
Ve,(sat) 


Vog(sat) 


Additional Electrical Characteristics on page 2 
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FOR NPN COMPLEMENT 


PHYSICAL DIMENSIONS 
(in accordance with JEDEC T0-59 outline) 


Emitter 
Lead No. 1—~ 


Collector 
Lead No.3 


065 
3 LEADS ‘938 DIA 


2A THD (COATED) 


NOTES Ali domensons in inches 
All teags electrically isolated Irom cane 
Package wesght 15 6 44 grams 


UNITS TEST CONDITIONS 


1g = 100 mA 


Volts Io =2.5A 
Volts 15 =5.0A 


*Planar is a patented Fairchild process. 


SEMICONDUCTOR 


A DIVIS:OF OF FAIRCHILD CAMERA AND INSTRUMENT COP OPATION 


929M 416 27 BAe 


MARCH 1967 


SYOLSISNVUL YAMOd dNd #@ 


SYOLSISNVYL TWIXVLIda eYVNV1d NOOITIS Gasnssia 


| FAIRCHILD TRANSISTORS 2N5002 + 2N5004 


3S TYPICAL ELECTRICAL CHARACTERISTICS 
2N5002 
COLLECTOR CHARACTERISTICS® COLLECTOR CHARACTERISTICS® COLLECTOR CHARACTERISTICS* 
ACTIVE REGION ws ACTIVE REGION 
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I¢- COLLECTOR CURRENT-AMPS 
Tc -COLLECTOR CURRENT-AMPS 
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hee ~ OC PULSE CURRENT GAIN 
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2N5004 
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ACTIVE REGION ACTIVE REGION : ACTIVE REGION 
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"Single Family Characteristics on Transistor Curve Tracer. 
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@ TYPICAL ELECTRICAL CHARACTERISTICS 
COLLECTOR CHARACTERISTICS® COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS® 
SATURATION REGION SATURATION REGION SATURATION REGION 
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*Single Family Characteristics on Transistor Curve Tracer. 


FAIRCHILD TRANSISTORS 2N5002 * 2N5004 


a CHARACTERISTICS (25°C Case Temperature unless otherwise noted) 


2N5002 2N5004 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 


Vog(sat) Pulsed Base Saturation Voltage (Note 3) 1.16 1.45 Volts 
Vp, (sat) Pulsed Base Saturation Valtage (Note 3) 150 2.2 Volts 
Vp¢(on) Pulsed Base Emitter “ON" Voltage (Note 3) 1.45 Volts 
lees Collector Cutoff Current 0.007 10 yA 


lesa Emitter Cutoff Current : 1.00 © yA 
logy (150°C) Collector Reverse Current 500 ywA 
Co Collector to Base Capacitance 250 pF 


NOTES: 

(1) These ratings are fimiting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) This rating refers to a high current point where collector to emitter voltage is lowest. For more information send for Fairchild Publication APP-4/2. 
(3) Pulse Conditions: length = 300us; duty cycle = 1%. 

(4) Contact factory for maximum permissible power under pulsed or reverse biased operating conditions. 


MAXIMUM PERMISSIBLE DC FORWARD BIASED POWER DISSIPATION 
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MAY 1967 


Mod ace ga ion 


c KO WATT NPN POWER TRANSIS'O ng 


DIFFUSED SILICON PLANAR* EPITAAIAL Taleaie 


SEE 2NSC 7S « 285005 COR Pil? SGnirlaw.. 20 


© HIGH POWER ess ecece sitar ere ances: ates eoxere 50 WATTS @ T, = 50°C, Vg = 40V 
®- HIGH VOLTAGE ois; evessoveh serenece ers avenerse 80 V (MIN) LVce5 PHYSICAL DIMENSIONS 
« HIGH CURRENT SATURATION VOLTAGE... . 1.5 V (MAX) V_,(sat) @ 5.0A (in accordance with JEDEC TO-59 outline) 
@ HIGH FREQUENCY o2s.c66. & ee%s Ss oe Wes 60 AND 70 MHz (MIN) f, . 
e BETA GUARANTEED @3 POINTS........- 50 mA, 2.5 A AND 5.0A cg “ 4 . 
e ISOLATED COLLECTOR PACKAGE........ NO ISOLATING HARDWARE REQUIRED? \ mm ‘ 
e DISCRETE EMITTER GEOMETRY WITH INTEGRATED FEEDBACK | RESISWeRS ., f aN 
w 
‘ LAS Le Se ees 
i partie — > gett 089 ia 
ABSOLUTE MAXIMUM RATINGS (Note 1) 10 Pho = Collector 
. geooree? euetad - Lead No 3 
Maximum Temperatures - 4 ovat ares sitl 
Storage Temperature 5 513 —65°C to +200°C 
Operating Junction Temperature .4 —65°C to +200°C 
Lead Temperature (Soldering, 60 second time limit) +300°C 


Maximum Power Dissipation 
Total Dissipation at 50°C Case Temperature, Vg = 40V 50 Watts 
(See Maximum Permissible Power Curve and Note 4) 


10-32 UNF -~ 
Maximum Voltages and Current 2A THD (COATED) 
Voes Collector to Emitter Voltage 100 Volts BS Ng Se 
Vero Collector to Emitter Voltage (Note 2) 80 Volts . ate cecil ats trom cave 
EBO Emitter to Base Voltage 6.0 Volts Se eee 
Ic Collector Current 5.0 Amps 


ELECTRICAL CHARACTERISTICS (25°C Case Temperature unless otherwise noted) 


2N5002 2N5004 
SYMBOL - CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 


Vego(sust) Collector to Emitter Sustaining Voltage (Notes 2 and 3) 80 Volts {. = 100 mA 
BY ces Collector to Emitter Breakdown Voltage 100 Volts te = 1.0 mA 
Emitter to Base Breakdown Voltage 6.0 xi Volts I, =0 
DC Pulse Current Gain (Note 3) 20 4 Io = 50 mA 
- DC Pulse Current Gain (Note 3) 30 1p =2.5A 


BY E80 
Dee 


bee 
hp-(—55°C) DC Pulse Current Gain (Note 3) 15: Io =2.5A 
DC Pulse Current Gain (Note 3) . 20 Io = 5.0A 
High Frequency Current Gain (f = 20 MHz) 3.0 F ’ R 1, =0.5A 
Veg(sat) Pulsed Collector Saturation Voltage (Note 3) f i : 0.75 Volts [.=2.5A 
Voe(sat) Pulsed Collector Saturation Voltage (Note 3) E k E 15 Volts I, =5.0A 


hee 
hy 


Additional Electrical Characteristics on page 2 *Planar is a patented Fairchild process. , 
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a ial FAIRCHILD TRANSISTORS 2N4916°2N4917 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


2N4916 
MIN. TYP. = MAX. 


2N4917 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS TEST CONDITIONS 


Vero (sust) Collector to Emitter Sustaining Ic =10mA L=0 


BVc10 


BY ces 
BV, i Te) 


lees 
Ices (65°C) 


obe 
Cio 
tr’ C. 
NF 


NF 


Voltage [Notes 4 and 5} 
Collector to Base Breakdown 
Voltage 
Collector to Emitter Breakdown 
Voltage 
Emitter to Base Breakdown 
Voltage 
Collector Reverse Current 
Collector Reverse Current 
Open Circuit Output Capacitance 
Open Circuit Input Capacitance 
Collector-Gase Time Constant 
(f = 80 MHz) 
Noise Figure (f = 100 MHz) 


Noise Figure [Note 7] 


(pulsed) 
lc = 10 nA le =0 


le = 10 vA Va = 0 
=0 le = 10 nA 


—-15V Vee = 0 

~—15V Ve = 0 

0 Va= —10V 
Ic = 0 Va = -05.V 
lo = 10mMA Va = —20V 


le =1.0mMA Vee = —5.0V 
s= 1002 BW = 15 MHz 
lc = 100 pA Vee = -5.0V 


TYPICAL ELECTRICAL CHARACTERISTICS 


DC PULSED CURRENT GAIN 
VERSUS COLLECTOR CURRENT 


3 
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& 

3 

4 

2 

£ 
'¢ ~ COLLECTOR CURRENT - mA 

SWITCHING TIMES VERSUS 

COLLECTOR CURRENT 
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Tg - COLLECTOR CURRENTS - mA 


COLLECTOR REVERSE CURRENT 
VERSUS ANIBIENT TEhPERATURE 


‘egy ~ COLLECTOR REVERSE CURRENT - na 


Ty - AMBIENT TEMPERATURE - °C 


COLLECTOR-EMITTER 
SATURATION VOLTAGE VERSUS 
COLLECTOR CURRENT 


VoglSAT) - COLLECTOR-EMITTER SATURATION VOLTAGE + V 


tc - COLLECTOR CURRENT - mA 


INPUT AND OUTPUT 
CAPACITANCES VERSUS 
REVERSE BIAS VOLTAGE 


CAPACITANCE ~ pF 


{0.1 02 «D5 -10 -20 5 
REVERSE BIAS VOLTAGE -V 


NOISE FIGURE 
VERSUS FREQUENCY 


NF ~ NOISE FIGURE + a8 


° 
wo wo? we wt 10 we 
1 - FREQUENCY - MHz 


4-143 


BASE SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT 


Vigg SAT) ~ BASE-EMITTER SATURATION VOLTAGE - V 


CONTOURS OF CONSTANT GAIN 
BANDWITH PROBUCT (f,) 


Vog ~ COLLECTOR ~EMITTER VOLTAGE - ¥ 


2.0 3.0 
Vg - COLLECTOR CURRENT - mA 


SWITCHING TIME TEST CIRCUIT 


Veg * 13.0 9¥ec * 10¥ 


1kQ 49 
9 To Sampling Scope 
0.1 uF Rise Time < Ins 
(Input Z = 100k Q 


. eee 
QMADIG o 2QNA9I7 


ef PNP HIGH-SPEED SWITCH AND RF AMPLIFIER @ 


DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTORS 


+ HIGH BETA (hee) -- 150 to 300 @ 10 mA 
+ HIGH FREQUENCY (f,) -- 450 MHz Min. @ 10 mA sais arte | 
+ EXCELLENT R.F. PERFORMANCE (r.’C.)--50 ps Max. 10-106 
+ LOW CAPACITANCE (C.u0)-- 4.5 pF Max. ws 
+ LOW NOISE (100 MHz N.F.)-- 6.0 dB Max. 192 = 
a ! 
240 
Ceram MAX 
ABSOLUTE MAXIMUM RATINGS [Note 1] ! 
Maximum Temperatures P _— 1 500 MIN 
Storage Temperature —55°C to + 125° aie | 
ting Junction Temperature +125°C Maximum 016 OM SS 
Peal rataeetive (olde ; + 260°C Maximum 


Lead Temperature (Soldering, 10 sec time limit) 
100 


Maximum Power Dissipation bes 2 


Total Dissipation at 25°C Case Temperature [Notes 2 and 3] 0.5 Watt se pea 
0.2 Watt Lead No. I—/] 


at 25°C Ambient Temperature {Notes 2 and 3] ¥ ~Asesuasd 
Maximum Voltages and Current yw 4 
Vero Collector to Base Voltage — 30 Volts \S 
Vero Collector to Emitter Voltage [Note 41 — 30 Volts ae SS 
Vivo Emitter to Base Voltage —5.0 Volts 
le Collector Current 100 mA 
WOTES Al Gmersions mm inches 


Al leads electrcally colated trom case 
Package wrght a 0.3) grem 


RICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


SYMBOL CHARACTERISTIC ng: HE” WG OW ee ee, ON TEST CONDITIONS 


DC Current Gain 40 70 100 150 t. = 100 uA Vee 
DC Current Gain 60 100 150 200 Ic = 1.0 mA Vce 
DC Pulse Current Gain [Note 5] 70 150 200 150 200 300 ic = 1OMA Vee 
DC Pulse Current Gain [Note 5] 15 30 30° 60 lc = 50 mA Vee 
Collector Saturation Voltage —0.07 —0.13 =-0.07 -0.13 lc = 1.0 mA 

Vee (sat) Pulsed Collector Saturation -—0.1 —0.14 —0.1 -—0.14 lc = 10mA 


Voltage [Note 5] 
Vee (sat) Pulsed Collector Saturation -02 -03 —0.2 -—0.3 
Voltage [Note 5} 
Ver (sat) Base Saturation Voltage -0.65 —0.75 -0.65 -0.75 lc =10mA 1 = 0.1 mA 
Vue (sat) a i Saturation Voltage -—0.7 -0.77  —-03 -0.7 -077 -—0.9 le=10mA t= 1.0mA 
Note ~ , 
Vor (sat) ee at Saturation Voltage —0.75 -088  —1.1 —0.75 —088 —-11 
ote . 
ts Turn On Time [Note 6] 20 40 : 20 40 le 50mA ty = 5.0mA 


tors Turn Off Time (Note 6] 95 150 95 150 le = 5G mA In = 5.0mA 
- In = —5.0 mA 


k= 10 mA Vee = —20V 


lo = 50mA ', = 5.0mA 


le = 50mA ty = 5.0mA 


Ne High Frequency Current Gain 4.0 5.5 45 6.0 
(f = 100 MHz) 


> Planar is a patented Fairchild process. 


NOTES: 

(1) These ratings are limiting values above which the serviceability of any indiv jual semiconductor device may be impaired. 

(2) These are steady state limits. The factory should be consulted on applicatic 1s involving pulsed or low duty cycle operations. 

(3) These ratings give a maximum junction temperature of 125°C and junction to case thermal resistance of 200°C/Watt (derating factor of 5.0 mW/*C); 
junction to ambient thermal resistance of 500°C/Watt (derating factor of 2.0 mW/°*C). . 

(4) This rating refers to a high-current point where collector to emitter voltage is lowest. 

(5) Pulse Conditions: length = 300 us; duty cycle = 1%. 

(6) See switching circuit for exact values of Ic, |,, and I,). 

(7) Power Bandwidth of 15.7 kHz with 3 dB points at 10 Hz and 10 kHz. 
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SEMICONDUCTOR 
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| FAIRCHILD TRANSISTORS 2N4888¢ 2N4889 
2N4889 


TYPICAL ELECTRICAL CHARACTERISTICS 


O CONTOURS OF CONSTANT NOISE FIGURE VERSUS =~ CONTOURS OF CONSTANT CONTOURS OF CONSTANT 
VIDE BAND NOISE FIGURE COLLECTOR CURRENT NARROW BAND NOISE FIGURE NARROW BAND NOISE FIGURE 


SS 


= 


an 


' 5 01, Ss a us oS) eae GB Ol 0, . 
= ae - cuncea enue mA = ig“ EOUESTOR CONTE |p Oy le mula isc -m Ig > COLLECIOR CURRENT - ma 
CONTOURS OF CONSTANT CONTOURS OF CONSTANT SPOT NOISE FIGURE 
NARROW BAND NOISE FIGURE NARROW BAND NOISE FIGURE VERSUS FREQUENCY 


Qe 
AMIN TET 
HIKE ETT Bi 


2 RL ' T 
Veg *-5.0¥ 
%°3°c 
- AG My 


NF ~ NOIZ FicuRt - os 


2N4888 
. TYP. 


2N4889 
MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 


Ne Small Signal Current Gain : 30 40 500 65 150 400 lc = 1.0mA Vee = -10V 
he Input Resistance 0.75 12 20 17°50 12 ko Ic = 1.0mA Vee = —10V 
hiss Output Conductance 14° 25 40 3.0 10 25  ymhos lc = 1.0MA Vee = —10V 
he Voltage Feedback Ratio 1.0 2.5 5.0 x 10-* lc =1.0mMA Vee = —10V 


COMMON EMITTER COMMON EMITTER COMMON EMITTER 
CHARACTERISTICS CHARACTERISTICS VERSUS CHARACTERISTICS VERSUS 
VERSUS COLLECTOR CURRENT = COLLECTOR-EMITTER VOLTAGE je TEMPERATURE 

i ; ® 

= Bi, = 

mi <= 3 

an s : 

5 Z 0 : 

2 : g 
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| i , 


. n © # » 100 Pa) 
Ty > AMBIENT TEMPERATURE ~ °C 
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Fairchild cannot assume responsibility for use of any Circuitry described other than Circuitry entirely embodied in a Fairchild product. No other circuit patent ticenses are implied 


COLLECTOR CHARACTERISTICS* 
100 


te > COLLLCIOR CURRENT - mA 
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AIRCHILD TRANSISTORS 2N4888 o 2N4889 


2N4889 
TYPICAL ELECTRICAL CHARACTERISTICS 


COLLECTOR CHARACTERISTICS* 
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“1.6 
Vog > COLLECIOR-EMITIER VOLTAGE - VOLTS 


COLLECTOR CHARACTERISTICS* 
100 


ic ~ COLLECTOR CURRENT - mA 


COLLECTOR SATURATION VOLTAGE 
2 2 


bad 


Vog'sat? ° 


te > COLLECTOR CURRENT - mA 


Vog ~ COLLECTOR-EMITTER VOLTAGE ~ VOLTS 


COLLECTOR CHARACTERISTICS* 


COLLECTOR CHARACTERISTICS* 
40 


DC PULSE CURRENT CAIN 

VERSUS COLLECTOR CURRENT 
TT Ta 
[RNa 
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Veg ~ COLLECTOR-EMITTER VOLTAGE - VOLTS 


COLLECTOR CHARACTERISTICS* 
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Veg ~ COLLECTOR-EMITIER VOLTAGE - VOLTS 


COLLECTOR SATURATION VOLTAGE 


VERSUS COLLECTOR CURRENT 


05 -1.0 4.0 
Ic = COLLECTOR CURRENT ~ 


INPUT AND OUTPUT 
CAPACITANCES VERSUS 
REVERSE BIAS VOLTAGES 


; 2 
Vip: Veg ~ REVERSE BIAS VOLIAGE - 


Vge'stt! - BASE SATURATION VOLTAGE - VOLTS 


Veg ~ COLLECTOR-EMITIER VOLTAGE ~ VOLTS 


Veg ~ COLLECTOR-EMITIER VOLTAGE ~ VOLTS 


2N4888 


BASE SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT 


© 2N4889 


COLLECTOR CUTOFF CURRENT 
VERSUS AMBIENT TEMPERATURE 


Ve > COLLECTOR CURRENT - mA 


CONTOURS OF CONSTANT GAIN 
BANOWIDTH PRODUCT (f,) 


ig ~ COLLECTOR CURRENT - mA 


VENT TEASPERATURE ~ °C 
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Pa 


Neg ~ OC PULSE CURRENT GAIN 


0.6 0.1 
Vg > COLLECTOR CURRENT - mA 


BASE-EMITTER ON VOLTAGE 
VERSUS COLLECTOR CURRENT 
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Ie > COLLECTOR CURRENT - mA 


COLLECTOR CUTOFF CURRENT 
VERSUS REVERSE BIAS VOLTAGE 


lego * COWECTOR CUTOFF CURRENT - nA 


Veg ~ REVERS BIAS VOLIAGE ~ VOLTS 


Ton — Toff 
SWITCHING CIRCUIT 


2ys<P.W< 20us 


o——} 
047uF 
500 


a 
AAA kK 2N4868 
2Nn4889 ov 


To Sampling Scope 
Zjn21.0M0 
Input Capacitances6 OpF 


-150V 
ton{typ) = 100ns 
torpityp) = 750n8 


Kk 


FAIRCHILD TRANSISTORS 2N4888 © 2N4889 


GD cssicx CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


2N4888 2N4889 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 


Icao Collector Cutoff Current 07 50 07 10 nA Va = —100V I =0 
lcso (65°C) = Collector Cutoff Current 0.01 2.5 0.01 05 2A Vee = —100V I =0 
Vee (sat) se ae Saturation Voltage —0.1 -0.5 —0.1-05 Volts Ic=10mA tk =1.0mA 
ote 
BV ito Emitter to Base 3reakdown Voltage —6.0 —6.0 Volts — le=10sA Ic =0 
lexo Emitter Cutoff Current 04 50 04 10 nA Va = —4.0V Ic =0 
Ver (on) Pulsed Base Emit:er On Voltage {Note 4] —0.66-—0.8 —0.59 —0.7 Volts lc =1.0mA Vee = —10V 
Var (sat) Pulsed Base Saturation Voltage [Note 4] —0.74 -0.9 —0.74 -0.9 Volts =10mA L=1.0mA 


Cite Common-Base, Open-Circuit Input 11 30 11 25 pF -05V lk=90 
Capacitance 
he High Frequency Current Gain (f. = 20 MHz) 18 $18 80 20 3.3 8.0 1.0mA Va = —10V 


NOTES: : 

(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. ; 

(2) These ratings give a maximum junction temperature of 125°C and junction to case thermal resistance of 125°C/Watt (derating factor of 8.0 mW/°C); junction to ambient thermal 
resistance of 333°C/Watt (derating factor of 3.0 mW/°C). : : : - bcos ; 

(3) This rating refers to a high current point where collector to emitter voltage is lowest. For more information send for Fairchild Publication APP-4/2. 

(4) Pulse Conditions: length = 300 ys; duty cycle = 1%. 
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COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS" VERSUS COLLECTOR CURRENT 


2N4888 
TYPICAL ELECTRICAL CHARACTERISTICS 
DC PULSE CURRENT GAIN 


~ OC PULSE CURRENT CAIN 


~ COLLECIOR CURRENT 


“ 0 
0.2 0.4 0.6 0.8 “1 rl 7 7 = : - | 3 a -0.01 0.1 1.0 “10 
Veg ~ COLLECIOR EMNITER VOLIAGE - VOLIS Veg ~ COLLECTOR-EMITTER VOLTAGE - VOLTS Veg > COLLECTOR-EMIIIER VOLIAGE - VOLTS fp ~ COLLECTOR CURRENT - mA 


BASE-EMITTER ON VOLTAGE 
COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* VERSUS COLLECTOR CURRENT 


- mA 


~ COLLECTOR CURRENT 


é..... CURAENT - mA 


Veg ~ COLLECTOR-EMITTER VOLTAGE ~ VOLTS Veg ~ COLLECTOR -EMIVITR VOLIAGL - VOLTS Veg ~ COLLECTOR. MIITLR VOLIAGE - VOLS fe - COLLECTOR CURRENT - mA 


© Singte family characteristic on Transistor Curve Tracer. 2 


VERY HIGH VOLTAGE (LVceo} -- 150 VOLTS (Min.) 
LOW NOISE FIGURE -- 3.0 dB (Max.) @ 1.0 kHz 
LOW OUTPUT CAPACITANCE (C...) -~ 4.0 pF (Max) 
HIGH BETA (hee) -- 80-300 @ 10 mA 

EXCELLENT BETA LINEARITY FROM 10 A to 50 mA 


ABSOLUTE MAXIMUM RATINGS [Note 1] 


Maximum Temperatures 
Storage Temperature 
Operating Junction Temperature 
Soldering Temperature (10 second time limit) 
Maximum Power Dissipation 
Total Dissipation at 25°C Case Temperature {Note 2] 
at 75°C Case Temperature {Note 2] 
at 25°C Ambient Temperature [Note 2] 
Maximum Voltages 
Vero Collector to Base Voltage 


Veco Collector to Emitter Voltage [Note 3] 
© Veso Emitter to Base Voltage 


SYMBOL CHARACTERISTIC 


Collector to Emitter Sustaining Voltage 


Ere hw Tea ee eee aaa wa ~~ 


ato co; Le 


bel YS bee tetas f 8 


DIFFUSED SILIC 


—55° 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


FEBRUARY 1967 


“ON ANDO? SQ ALIOTCTCOS 
ON PLANAR 1] a Cee ta centre Be inye: 


C to +125°C 
+125°C 


+260°C | SY eoutector 


0.8 Watt 
0.4 Watt 
0.3 Watt 


NOTES All demensons on onches 
Lends ore gold plrted Sowar 


—150 Volts Package weght 6 0.68 gram 
—150 Volts 


—6.0 Volts 


2N4888 " 2N4889 
MIN. TYP. MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 


BVcr0 Collector to Base Breakdown Voltage —150 —150 

NF Narrow Band Noise Figure (f = 100 Hz) 3.0 

NF Narrow Band Noise Figure (f = 1.0 kHz) 0.8 

NF Narrow Band Noise Figure (f = 10 kHz) 15 

NF Wide Band Noise Figure 2.0 
(f = 10 Hz to 10 kHz) 

NF Narrow Band Noise Figure (f = 1.0 MHz) 2.0 

Hee DC Pulse Current Gain [Note 4] 30 60 135 

hee DC Pulse Current Gain {Note 4] 30 ©640 70 «150 

Nee DC Pulse Current Gain {Note 4] 40 45 400 80 150 

Coro Common-Base, Open Circuit Output 25 4.0 2.5 
Capacitance (f = 1.0 MHZ 

Additional Electrical Characteristics on page 2 
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MANUFACTURED UNDER ONE OR MORE OF THE FOLLOWING U_ S. PATENTS: 291877, 3015048, 30. 


Ic = 2.0 mA 1,=0 


Volts lc = 100 aA = 0 
10 dB Ie = 250 nA Vee = —5.0 V 
Rs = 1.0k9 B.W. = 15 Hz 
3.0 dB Io = 30 yA Vee = —5.0V 
Rs = 10 ko B.W. = 150 Hz 
3.0 dB le = 250 vA Vee = —5.0V 
Rs = 1.0 ko B.W. = 1.5 kHz 
4.0 dB Ic = 250 pA Vee = —5.0V 
Rs = 1.0k9 BW, = 15.7 kHz 
4.0 dB lc = 1.0 mA Vee = —10V 
Rs = 1.0k0 B.W. = 2.0 kHz 
Ic = 100 pA Vee = —10V 
le = 1.0 mA Voce = —-10V 
300 c= 10mA Vee = —10V 


* Planar is a patented Fairchild process. 
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25589, 3054167, 3108359, 3117260: OTHER PATENTS PENDING. 
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Approximate small signal equivalent circuit for 


the 2N4416 Field Effect Transistor. 


GATE ORAIN 
PINS fg Cqd PIN 2 


Approximate small signal equivalent circuit for 


the 2N4417 Field Effect Transistor. 


ADJUST Veg FOR 

Tp = SMa 

Vas<OVOLTS 
100 MHz & 400 MHz NEUTRALIZED AMPLIFIER 


FIGURE 22 


2N4416-16A: JEDEC TO-72 


9230 0196 
B208 oi7e OM 


EQUIVALENT CIRCUIT 


The 2N4416 and 2N4417_ transistors 


are identical in every respect except for ie 


their respective package configurations. 
Therefore capacitance values for Cu, 


Cu and C., should be set equal to zero, 2. 


in equation 1 through 4, when comput- 
ing the y parameters for the 2N4417. 


All of the other circuit component 3. 


values are the same for both devices. 
Typical component values for Cys, Cya, 
Zu, and ga, may be obtained for any set 
of bias conditions, from the curves. 
LY, = rlol(C,, + C.F + jelC,, + C,, + 
Ca) 
2.9, = —o C,, (C,, + C,,) r -—jw Cua 
2.9 ., = By oe? Cua Cy + C,y) © 
~jolC,, + (C,, + Cyq) ty Bal 
~ By + (WCyg)? t, + jo(C, + Cra + 


o 


Small signal common source y param- 
eter equations for the 2N4416 and 2N- 
4417 Field Effect Transistors. 


TEST CIRCUIT 


=a 1.0.12 - 0.88 3 pF 
oe atin mannan 
afew 
port ant | 0.022 ai 


% 


MECHANICAL DATA 


All dimensions in inches unless otherwise noted 


TERMINAL 
CONNECTIONS 


1—Source 
2—Drain 
3—Gate 
4—Case 


——. 
_- ~ 


U ay 7 
(C/eyeusayaye 
SEMICGKBUCTOR 


~ 


7 


NOTES: 


The above equations are accurate to about 1 
GHz and are good for both the 2N4416 and 
2N4417 Field Effect Transistors. 


The case is connected to the source for the 
common source configuration and to the gate 
for common gate operation. 


C,,, C,, and C,, are pin to case capacitances 


for the: ‘To- 72 headee C,, = 0.6 pF. C,, = 0.6 
pF,C,, ~ 0.7 pF. 


Cy, ~ 0.1 pF. 


¢ 7 24 ohms for both the 2N4416 and 2N- 
4417 Field Effect Transistors. 


Em = |yra{at 1000 Hz. 
Bus = 1¥,,/ at 1000 Hz. 


. All references to 2N4416,are applicable to 


2N4416A 


NOTES 

1. Amplifier used to measure power gain and 
boise figure. 

2. Transformed equivalent Source resistance 
(Rg’) is 1000 @ at 100 MHz for 100 MHz 
amplifier, and 1000 2 at 400 MHz for 400 
MHz amplifier. 

3. When using 2N4416, pin 4 (case) should 
be grounded. 

4. All references to 2N4416 are applicable to 
2N4416A. 


2N4417: Union Carbide CC-3 


ftre, 
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INPUT ADMITTANCE 
GATE-SOURCE VOLTAGE 
FIGURE 16 
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NORMALIZED DRAIN CURRENT 


FORWARD TRANSFER ADMITTANCE 
NORMALIZED DRAIN CURRENT 


FIGURE 18 
a. 
' ! 
er age 415V 
Ip=5mA 
ao c 
is | 
w 8 T 
“4 H 
2 2 
4 3 
fz | 
2 | 
2 
4 i 
XN 
~, 
! 
a 
> ——1 #100 MHz 
ol | | Littl 
100 =. 200 500 1000 2000 5000 {0000 


SOURCE RESISTANCE OHMS 


NOISE FIGURE 
SOURCE RESISTANCE 
FIGURE 20 


REVERSE TRANSFER ADMITTANCE (Ypg" ~9;¢~ib,g) MMHOS 


OUTPUT ADMITTANCE (Y%.* os + jb.MMHOS 


, 


° 
@ 


° 


Oo 2 4 6 8 10 2 14 16 i8 20 
DRAIN-SOURCE VOLTAGE (Vpg) VOLTS 


REVERSE TRANSFER ADMITTANCE 
DRAIN-SOURCE VOLTAGE 
FIGURE 17 
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DRAIN-SOURCE VOLTAGE (Vpg) VOLTS 


OUTPUT ADMITTANCE 
DRAIN SOURCE VOLTAGE 


FIGURE 19 
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NOISE FIGURE 
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FIGURE 21 
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. CAPACITANCE VOLTAGE CHARACTERISTIC 
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€gs* Cisa-Crss- HEADER CAPACITANCE 
SEE EQUIVALENT CIRCUIT 


GATE-SOURCE CAPACITANCE (Cgs) pF 
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GATE-SOURCE CAPACITANCE 
GATE-SOURCE VOLTAGE 
.FIGURE 11 


HIGH FREQUENCY COMMON SOURCE CHARACTERISTICS 
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FORWARD TRANSFER ADMITTANCE (y),* G45 ~/by,)mMHOS 
OUTPUT ADMITTANCE (Yog* Gog +/b) mMHOS 
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VS. 
TEMPERATURE 
FIGURE 5 


TRANSFER CHARACTERISTIC 


5600 
on eu 
ail manil ALE 
: T_T Pe 
E4000 LH wom ME 
——. Sei 
# 3200 
od 
eal El 
=e 
1600 
go 
| cae 
a 
eal 


o 
by 


FORWARD TRANSADMITTANCE 
DRAIN CURRENT 
FIGURE 7 


CAPACITANCE VOLTAGE CHARACTERISTIC 


GATE-DRAIN CAPACITANCE (Cog * Crag) pF 
3 


—+ t 
Coss*CasstO-7pt FOR 2N4416-1GA 
Coss? T +0.lpf FOR 2N4417 


At td | 
’ fe) 5 {Oo 15 20 25 
ORAIN-SOURCE VOLTAGE (Vps) VOLTS 


GATE-DRAIN CAPACITANCE 
DRAIN SOURCE VOLTAGE 


FIGURE 9 


GATE LEAKAGE CURRENT (iggg) nA 


TEMPERATURE °C 


GATE LEAKAGE CURRENT 
TEMPERATURE 
FIGURE 6 


OUTPUT CHARACTERISTIC 


OUTPUT CONDUCTANCE (| Yor!) »MHOS 


DRAIN CURRENT (Ip) mA 
OUTPUT CONDUCTANCE 
DRAIN CURRENT 
FIGURE 8 


CAPACITANCE VOLTAGE CHARACTERISTIC 


SHORT CIRCUIT INPUT CAPACITANCE {Cigg) pF 


Oo -l -2 -3 -4 -5 -6 -7 -8 -9 +10 


GATE-SOURCE VOLTAGE (Vgs) VOLTS 


SHORT CIRCUIT INPUT CAPACITANCE 
GATE-SOURCE VOLTAGE 


FIGURE 10 


ELECTRICAL CHARACTERISTICS 


@ 25°C (UNLESS OTHERWISE NOTED) 


SYM. 2N4416 —16A 


CONDITIONS QO 
| 


Vos = 15 V, Veg = 9, 


Smal!-Signa], Common-Source, 


Short-Circuit Output Susceptance f = 400 MHz 
Small!-Signal, Conimon-Source, Vos = 15 V, Vu5 = 9. 
Short-Circuit Output Conductance f = 100 MHz 
Small-Signal, Common-Source, Vos = 15 V. Vag = 9, 
Short-Circuit Output Susceptance f = 100 MHz 
Small-Signal, Common-Source, Vox = 15. V, Ves = 9, 
Short-Circuit Forward Transconductance f = 400 MHz 


Common-Source Power Gain Vps = 15 V,1, = 5 mA, 


f = 400 MHz (See Fig. 1) 
Vos = 15 V, Ip = 5 mA, 

f = 100 MHz (See Fig. 22) 
4.0 dB Vos = 15 V, 1, = 5mA, 

f = 400 MHz (See Fig. 22) 
R, = 1000 ohms 


Vys = 15 V, 1, = 5 mA, 
f = 100 MHz (See Fig. 22) 
R, = 1000 ohms 


PARAMETER INTER-RELATIONSHIP TRANSFER CHARACTERISTIC 


Common-Source Power Gain 


Common-Source Spot Noise Figure 


Common-Source Spot Noise Figure 


TYPICAL PERFORMANCE CURVES 


@ 25°c (UNLESS OTHERWISE NOTED) 


DRAIN CURRENT (Ip) mA 


FORWARD TRANSFER ADMITTANCE 
(Wt, laT 1000 Hz and Ys" O)yMHOS 


SATURATION DRAIN CURRENT lingg) mA 


Se neee 
_ Se ae 


O -! -2 -3 -4 -& -6 -7 
G GATE-SOURCE CUTOFF VOLTAGE Veg iott) VOLTS oO -l -2 -3 -4 -5 -6 -7 
GATE-SOURCE VOLTAGE (Vgg) VOLTS 
SATURATION DRAIN CURRENT DRAIN CURRENT 
AND FORWARD TRANSFER ADMITTANCE vs. 
vs. es : GATE-SOURCE VOLTAGE 
GATE-SOURCE CUTOFF VOLTAGE . 
FIGURE 1 FIGURE 2 


DRAIN CHARACTERISTIC TRANSFER CHARACTERISTIC 
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DRAIN CURRENT (ip) mA 


NORMALIZED FORWARD TRANSFER ADMITTA 


o 
0 2 4 6 & 0 l2 4 16 18 20 22 24 26 -60 -20 0 +20 +60 +100 +140 
DRAIN-SOURCE VOLTAGE (Vps5) VOLTS TEMPERATURE °C 


DRAIN CURRENT NORMALIZED FORWARD TRANSFER 
ADMITTANCE 


VS. ‘ 
DRAIN-SOURCE VOLTAGE VS. a 
My : TEMPERATURE 
FIGURE 3 FIGURE4 °, ‘i 
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FAIRCHILD TRANSISTORS 2N4354 * 2N4355 + 2N4356 


PICAL SMALL SIGNAL CHARACTERISTICS (f = 1 kHz) 
SYMBOL CHARACTERISTICS TYP: UNITS TEST CONDITIONS 


Input Resistance Io =10mA Von = —10V 
h Output Conductance 75 zmho Ie = 10 mA Veep = —10V 
h Voltage Feedback Ratio © 180 x10-¢ Ic = 10 mA Voge = —10V 
Io = 10 mA Vee = —10V 


Small Signal Current Gain 


TYPICAL 25 WATT POWER AMPLIFIER 
USING THE 2N4354 IN THE DRIVER STAGES 


150k 


Q6 
2N5003° 


0.470 
500pF SOV 


tu 


0.22pF/Sov 


Qs 


2N4354 


100kQ: 
ae Q7 


La 
2N5002° 


R,=8.00 


“OR EQUIVALENT SILICON OUTPUT TRANSISTOR 


FAIRCHILD TRANSISTORS 


COLLECTOR SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT 


Vogisatd - COLLECTOR ~EMt TTER SATURATION VOLTAGE ~ VOLTS 


le- COLLECTOR CURRENT - mA 


DC PULSE CURRENT GAIN 
VERSUS COLLECTCR CURRENT 


& 


at Lc 
———— 
pa 


AUN aL 

HPS 
ie CTE 
tN A TN 


Ig ~ COLLECTOR CURRENT - mA 


Iipg ~ OC PULSE CURRENT GAIN 
5 


ATM TL 
i UE 
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ae ee) 
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Hf 


CONTOURS OF CONSTANT NARROW 
BAND NOISE FIGURE 


ANCL 
i] ' : “LT S a8 


Rg ~ SOURCE RESISTANCE - k@ 


$e > COLLECTOR CURRENT - mA 


SWITCHING TIMIS VERSUS 
COLLECTOR CURRENT 


fi 
tooo 


BASE SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT 


Vgg!sal) ~ BASE-EMITTER SATURATION VOLTAGE ~ VOLTS 


Ig. - COLLECTOR CURRENT - mA 


> . 


COLLECTOR CUTOFF CURRENT 
VERSUS REVERSE BIAS VOLTAGE 


imo 


Igo ~ COLLECTOR CUTOFF CURRENT - nA 


° -10 “2 2 a be, oO 


Veg ~ COLLECTOR 10 BASE VOLTAGE - VOLTS 


a a 


2N4354 + 2N4355 » 2N43556 | 


GAIN BANDWIDTH PRODUCT 
VERSUS COLLECTOR CURRENT 


ty GAIN BANOWIOTH PROOUCT - Miz 


fe - COLLECTOR CURRENT - mA 


COMMON BASE OPEN CIRCUIT 


INPUT Ai{D OUTPUT 


CAPACITANCE VERSUS REVERSE 


BIAS VOLTAGE 


CAPACITANCE ~ pF 


REVERSE BIAS VOLTA! 


* VOLTS 


ae 


NOISE FIGURE VERSUS FREQUENCY 


aa 


NF ~ NOISE FIGURE - dB 


TO OSCILLOSCOPE 
INPUT Z >100kQ 
tr =10ns 


t,, AND t,,, TEST CIRCUIT 
Vgp9+3.8V YCCa-30V 
1kQ 

10pF 
ov Lt c =41t 

PULSE SOURCE 

tr, tp <20ns nee | 

Zin = 502 oa =k 

PW = 10us 


DUTY CYCLE <2% 


4-128 


Oh bla, bb OULA 


P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TVDICALR CHARACTERESTICS 


ry STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


= -4V 
= 25°C 


— Static Forward Current Transfer Ratio 


FE 


-0.01 -0.02 -0.04 -0.1 -0.2 -0. -1 
Ie — Collector Current — A 
FIGURE 3 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 


vs vs » 
é COLLECTOR CURRENT COLLECTOR CURRENT 


Vae — Bose-Emitter Voltoge — V 


sar) — Collector-Emitter Saturation Voltage — V 


w 70.02 
y 
-0.01 -0,02 -0:04 -0.07-0.1 -0.2 -0.4 -0.7 -1 -0.01 -0.02 -0.04 -0.1 -0.2 -0.4 -0.7 -1 
Ic — Collector Current — A Ic — Collector Current — A 
FIGURE 4 FIGURE 5 


NOTES: 4. These parameters must be measured using pulse techniques. §p < 300 ps, duty cycle << 2%. 


Pulse width must be such that halving or doubling does not couse o change greater Ihan the required accuracy of the measurement. 
5. These porameters ore measured with vollage-sensing contacts separate from the current-corrying contacts, 
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Pav? SINGLE-DIFFUSED SILICON POWER TRANSISTORS 
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TEST CIRCUIT 


0.1 V 
; 10% INPUT 
. I 90% 
I29V——] - 
| ee ee 
Dj ton KE HI toff KE 
90% ~ | 
| OUTPUT 


10% —c___ 
VOLTAGE WAVEFORMS 
FIGURE 1 


NOTES: 6. The input waveform is supplied by a generator with the following characteristics: 1, < 15 ns, ' < Was, Iout = 50.2, 1, = 10 ys, duty cycle Ke. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: 1, < 15 ns, R, > 10 MQ, Ga S 11.5 pF. 
¢. Resistors must be noninductive types. 


d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


MAXIMUM SAFE OPERATING REGION 


-2 


-1 


D-C OPERATION 


Ie — Collector Current — A 
2 
a 


MAX Vege 
| 


-0.2 


=0.1 , 
-10 -20 -40 -70 -100 
Vee — Collector-Emitter Voltoge — V 
FIGURE 2 
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P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTOR 


a electrical characteristics at 25°C case temperature 


Visrjceo Collector-Emitter Breakdown Voltage} Ic = —30 mA, Is = 0, See Note 4 —40 
lceo —- Collector Cutoff Current Vee = -30V, I, = 03 


= —-40V, Ve =0 
Ices Collector Cutoff Current = 


Voe = —60 V, Vere = 0 
lego —s- Emitter Cutoff Current Vee =-5V, Ie =0 


PARAMETER TEST CONDITIONS IN MAX mae 


Voce = -4V, Ic = -0.2A, See Notes 4 and 5) 
=-—1A, See Notes 4 and 5 


Static Forward Current 
hee Tronsfer Ratio 


z 
i 
8 
x 
o 
] 


< 
g 
i] 
< 
ie La 
om 
ll 


—1 A, See Notes 4 and 5) 
ts = —125 mA, Ie = -1A, 


Vor Buse-Emitter Voltage 
Voefsaty Collector-Emitter Saturation Voltage 


Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


Ne Vor = —10 V, le =-0.2 A, f = 1kiz 


Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


|hr.| 


NOTES: 4. These porometers must be measured using pulse techniques. 9 < 0 ps, duly cycle < 2%. 


Voe = —10.V, Ic = 0.2 A, f = 1 MNz 


Pulse width must be such thot halving or doubling does not cause a change greater than the required accuracy of the measurement. 
5. These parameters are measured with vollage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


93.c — Junction-to-Case Thermal Resistance 


65.4 Junction-to-Free-Air Thermal Resistance 


switching characteristics at 25°C case temperature 


PARAMETER 


PARAMETER 


TEST CONDITIONS? 


fe Turn-On Time 
tors Turn-Off Time 


lc = 200 mA, Igy) =—20mA, tain) = 20 mA, 
Vecon = 3.4V, R= 150.0, | See Figure 1 


TVoltage ond current values shown are nominal; exact values vary sfightly with transistor parameters, 
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P-N-2 SINGLE-DIFFUSED SILICON POWER TRANSISTORS 
oo smurdteeeuipaionecigacn TAI ae 


FOR POWER-ANMPLIFIER AND RIGH-SPEED-SWITCHING APPLICATIONS 


DESIGNED FOR COMPLEMENTARY USE WITH TI?29, TIP29A 


e 30 Watts at 25°C Case Temperature 
e© 1 A Rated Collector Current 
o Min f,; of 3 Miz at 10 V, 200 mA 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


MECHANICAL INTERCHANGEABILITY OF TIP20 
PLASTIC PACKAGE WITH 10-46 OUTLINE 


0.120 50 IN. MIN METAL 
~ AREA FOR CONTACT 
WITH HEAT SINK 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage . . . . . 2. ew 
Collector-Emitter Voltage (See Note 1)... . . 
Emitter-Base Voltage . .). . 2. 2. ew eee 


Continuous Collector Current . . . . . . 


Continuous Base Current . 


. . . 


Safe Operating Region at (or below) 25°C Case Temperature. . 2... 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 
Operating Collector Junction Temperature Range. . Sc Tw 8 


Storage Temperature Range . 


. . . . . . . . . ° 


Lead Temperature % Inch from Case for 10 Seconds . 


NOTES: 1. These values apply when the base-emitler diode is open-circuited. 
2. Derote linearly 10 150°C case temperature at the rote of 0.24 W/deg. 
3, Derate finearly te 150°C free-oir temperature at the rate of 16 mW /deg. 
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TIP3O0 TIP30A 
-40V —60V_ 
~40V -—60V 


Sys 


-<— -1A —> 
. <—-0.4 A—> 


See Figure 2 


. <— 30W —> 
~<— 2W — > 
- —65°C to 150°C 
. —65°C to 150°C 
- <— 260°C —» 


a 
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TYPES TIP34, WP34A, TIP34B, TIP34C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


a FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP33, TIP33A, TIP33B, TIP33C 


e 80 W at 25°C Case Temperature 
e 10A Rated Collector Current 
e Min fT of 3 MHz at 10 V,500 mA 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


OvPEdIL ‘AVEdIL ‘VHEdIL ‘VEdIL SAdAL 


MECHANICAL INTERCHANGE ABILITY OF THPD4 

PLASTIC PACKAGE WITH 10-3 OUTLINE 
THE POM TION OF LEADS 
PEE OF FLASH 


a — 


COLLECTOR -—— 


CMITTE Re 


8961 ATNP BS60L89 S10 ‘ON NI43771NS S3DV1d3H 
O46 YHAGN3930 ‘SOPLLOZ S-10 ‘ON NIL371NG 


CASE TEMPERATURE 
MEASUREMENT FOWT 
(10-7 Oman neon) = —. 
018) oa 
Cr 


0 190 
n 
cine “4° 


€ ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


. TIP34 TIP34A TIP34B TIP34C 
Collector-Base Voltage a Set cc. he ee oR ee . —-40V -60V -80V -—100V 
Collector-Emitter Voltage (See Note 1) Soe ee eee ee ew ewe .)6 64000 6h-60V0€«CU};-80 NV SCO-100 V 


1270 


NOTES: 


Emitter-Base Voltage 
Continuous Collector Current 


| a 7 
Set i ee 


Peak Collector Current (See Note 2) <?—_———- -15A -———_—__ > 
Continuous Base Current ‘ : Soe OE -3 A Heir m® 
Safe Operating Region at (or below 25° C Gace Temperature soe... /—— See Figure 5 ——__y=» 
Continuous Device Dissipation at (or below) 25°C Case , 

Temperature (See Note 3) <<. ——— 8s0W ——-———‘» 
Continuous Device Dissipation at (or batowi 25° C Free: Air 

Temperature (See Note 4) <<. ——— 35 Ww ——_——_» 


Unclamped Inductive Load Energy (See Note 5) 
Operating Collector Junction Temperature Range 
Storage Temperature Range : 

Lead Temperature 1/8 Inch from Case for 10 Saconde 


- This value applies when the base-emitter diode is open-circuited. 
+ This value applies for ty, < 0.3 ms, duty cycle < 10%. 


<.?—§|_§——- 62.5 mJ —-——_——-»> 
<@——— -—65°C to 150°C —__m» 
<g———— —65°C to 150°C —_m» 
<-—_—_— 260°C ——__» 


. Derate linearly to 150°C free-air temperature at the rate of 28 mw/c, 
. This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, Repi1= 1002, 


Vep2= OV, Rg = 0.1 2, Veg = 10 V. Energy © 1/2 te2L/2. 


1 

2 

3. Derate linearly to 150°C case temperature at the rate of 0.64 W/°C. 
4 
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electrical characteristics at 25°C case temperature 6 


ea [isan | tiraaa [irae] 
PARAMETER TEST CONDITIONS 
sain MAX] MIN MAX [MAIN MAX| MIN WAX 


y Collector-E mitter I¢ = -30 mA, Ip = 9, 
(BR)CEO Breakdown Voltage See Note 6 


'cEO Current Vce = —60 V Ip =0 

-vee==aaVe Ver-0 | a 

a a a 
Vce =—80V, Vee =0 | 

Vce = —100V, VBE = 


Collector Cutoff 
ICES 


Current 


0 


Emitter Cutoff 


csaianioaia ali me 
VceE=-4V. Ic=-1A, 
See Notes 6 and 7 
Vee =-4V Ic =-3A, 
ce j C 20 100 | 20 100 
See Notes 6 and 7 


'EBO 


Current 


Static Forward 
hee Current Transfer 
Ratio 


Vce=-4V, Ic =-3A, 
Base-E mitter See Notes 6 and 7 " 
Voltage VCE = —4V, Ic —10A, 
See Notes 6 and 7 P| | | 
Ig = —-0.3A, Ic =—-3A, 
tf iomtestd Collector-Emitter See Notes 6 and 7 
See Notes 6 and 7 


Small-Signal 


Common-E mitter 


h 
fe Forward Current 


Transfer Ratio 
Small-Signal 


hrel Common-Emitter 


Forward Current 
Transfer Ratio 


NOTES: 6. These parameters must be measured using pulse techniques. ty = 300 ps, duty cycle < 2%. 
7. These parameters are measured with voltage sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 
Resc Junction-to-Case Thermal Resistance 
Rasa Junction-to-Free-Air Thermal Resistance 


switching characteristics at 25°C case temperature 


PARAMETER 


ton Turn-On Time 
Turn-Off Time 


TEST CONDITIONSt 
ig=-SA, Ig(1)= 0.6 A, — Ip(2) = 0-6 A, 
VBE (off) =4V. RL =52, See Figure 1 


€ TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


TEXAS INSTRUM EN TS 


~7 7 598s) seh wT, EEE UY 


P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


(>) INPUT 
MONITOR 


OUTPUT 
MONITOR 


Repr= 102 “A - 2) 
0 OTT OT) 


1N914 INS14 1N914 4 Veet - 10% —_—_— 


eer ela =—— 
f f INPUT : 
Reg2= 109 RL =52 Vege WV jo ft 90% 


270 pF ; I 


+ 1 uF h 
< 
V, =4VvV—= 2 | 
aD ~ = - = 7 | 
OUTPUT 


= Vcc = 30V 


10% 
_ + = 
Vep1 =16V 
ADJUST FOR 
Von=-14vaT Lt 
INPUT MONITOR 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. Vgen is a 30-V pulse (from 0 V) into a 50-2 termination. 
B. The Vgen waveform is supplied by a generator with the following characteristics: ty < 15 ns, t¢< 15 ns, Zout = 502, tw = 20 us, 
duty cycle < 2%, 
) C. Waveforms are monitored on an oscilloscope with the following characteristics: tp < 15 ns, Rin = 10 MQ, Cin < 11.5 pF. 
D. Resistors must be noninductive types, 
t: E. The d-c power supplies may require additional bypassing in order to minimize ringing, 


FIGURE 1 
rere 
INDUCTIVE LOAD SWITCHING 


1 i ty= Sms 
Voce MONITOR 1 | (See Note B) 
| I 
$v = 
INPUT 
VOLTAGE 
ul o 
1 1 | 
(See Note A) 1 100 m 
7 is 


Reet 
2N4301 


L2 
(See Note A) 


I 
— 
COLLECTOR ' ( I f 
CURRENT i | 1! | 
dt 


- ~2§4~— ~-!|- —W eh hmv 


Rep2= 10024 


ic MONITOR oe 
~10V 
COLLECTOR 
VOLTAGE 
Ba VipRiceR— = 
TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


NOTES: A. Li and L2 are 10 mH, 0.11 2, Chicago Standard Transformer Corporation C-2688, or equivalent, 


B. Input pulse width is increased until] Jom = -—2.5 A. 
FIGURE 2 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOx 5012 « DALLAS. TEXAS 75222 


TYPES TIP34, TIP34A, TIP34B, TIP34C 
P-N-P SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


Vor = av 
rT¢ = 25°C 
“See Notes 6 and 7 


vs 
COLLECTOR CURRENT 


STATIC FORWARD CURRENT TRANSFER RATIO 


2 700 
« 400 
s 
c 200 
2 
= 
2 100 
£ 70 
=) 
o 40 
2 
oO 
= 20 
o 
wu 
g 10 
& 7 
w 4 
uw 
& 

2 


Ly 01 


P+—Maximum Continuous Device Dissipation—W 


0.04 —0.1 


I¢—Collector Current—A 
FIGURE 3 


NOTES: 6. These parameters must be measured using pulse 
techniques. ty, = 300 us, duty cycle < 2%. 
7. These parameters are measured with voltage- 


carrying contacts, 


sensing contacts separate from the current- 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


25 50 75 100 125 


Tc—Case Temperature—C 
FIGURE 4 


MAXIMUM SAFE OPERATING REGION 


Bail 
ne = 
seat eat 
~10 BN; eae I 
ze Soe eB SH = 
{ —-7 fTc< 25° e Has on HH = 
Sy x Ht Sh HEH : 
3 i il o-_ (Sa Bil a 
SS il Nant 
: | HL 
& —1 I ose : sa: Zz CsI 
i, -0. th —oe 
= maui ry i om cae 
—()4 3 heal 
~ ff et i 4 
ag) — | ee 
| TIP34C it 
4 I | Hel 
—1 —-2 —-4 -10 —40 ~100 —400 


VceE—Collector-E mitter Voltage—V 


FIGURE 5 


KEY FOR FIGURE 5 


CONDITIONS 
tw = 300 us, d = 0.1=10% 
tw = I ms, d = 0.1 = 10% 
tw = 10 ms, d = 0.1 = 10% 
D-C OPERATION 


€ NOTE 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped 
inductive load. 
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TYPES TIP33, T[P33A, TIP33B, TIP33C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


ra FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP34, TIP34A, TIP34B, TIP34C 


e 80 Wat 25°C Case Temperature 
® 10A Rated Collector Current 
e Min ft of 3 MHz at 10 V,500 mA 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


DEEdIL ‘BEEdIL “VEEdIL ‘EEdIL SAdAL 


MECHANICAL INTERCHANGEABILITY OF THP39 
PLASTIC PACKAGE WITH TO~3 OUTLINE 


os7o 
THIS PORTION OF LEADS | 
FREE OF FLASH i 


BASE —— 


COLLECTOR oe — 


tMiTTER — 


OZ46L YSEN3S930 “VOVLLOZ S-10 ‘ON NILATING 


896L A1NF 'LS60L89 S-10 ‘ON NIL3797Ng S39V1d3H 


om 
7 
oe CAS Timrtmaruat 
sos 0.045 MIN PLACES! MEASUREMENT POINT 
(10-3 DOMENSION! = mee 
om 
61s) 
om 


or ps 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP33 TIP33A TIP33B TIP33C 


Collector-Base Voltage . . . oie hea: GE diy ty panies eee, ee | OS 60 V 80V  100V 
Collector-Emitter Voltage (See Note 1) o SU Ge Ge eee ee 40 V 60 V 80 V 100 V 
Emitter-Base Voltage ie Bt he ee the wc mee en ae 5 SSS eye. ee 
Continuous Collector Current 2. 2 1 1 1 ee ee ee EA§$§$=10 A —__—_}» 
Peak Collector Current (See Note2) 2 2 2 2 ew ee GEIS A 
Continuous Base Current, . eS 3A —————_> 
Safe Operating Region at (or below 25° C Case Temperature . ee ee.) E——— See Figure 5 > 
Continuous Device Dissipation at (or below) 25°C Case 

Temperature (See Note3) . ... Seek es SS ————'0WN ———— 
Continuous Device Dissipation at (or balay) 25° C Free Air 

Temperature (See Note 4) ... . eee ee ee SE 3.5 WV > 
Unclamped Inductive Load Energy (See Note 5) Soe eee ee SE 62.5 mS ———_ 
Operating Collector Junction Temperature Range Soe ee ee ge =-65"C to 150°C ——m> 
Storage Temperature Range . . . . ita tense i> <= 65 Cie 106 ——— we, 
Lead Temperature 1/8 Inch from Case ve 10 Sacande Loe ee ee A 260°C ——__—— 

“NOTES: . This value applies when the base-emitter diode is open-circuited. 


. This value appties for ty, & 0.3 ms, duty cycle < 10%. 


1 

2 

3. Derate linearly to 150°C case temperature at the rate of 0.64 w/c. 

4. Derate linearly to 150°C free-air temperature at the rate of 28 mw/°Cc. 
5 


- This rating is based on the capability of the transistor to operate safely in the circuit of Figure 2. L = 20 mH, Reei = 100 2, 
VeB2=9V, Rg = 0.1 2, Vec= 10 V. Energy © I¢2L/2, 


LS RA OE aa a aS RS Ee | ee 
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TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES TIP33, TIP33A, TIP33B, TIP33C 


N-P-N SINGLE-DIFFUSED 


MESA SILICON POWER TRANSISTORS 


€: electrical characteristics at 25°C case temperature 


PARAMETER 
g Collector-E mitter 
(BRICEO Breakdown Voltage 
Collector Cutoff 
ICEO 


Current 


Collector Cutoff 


Current 


TEST CONDITIONS 


TIP33C 
MIN MAX 


100 


Emitter Cutoff 
'EBO 


Current 


Static Forward 


hFE Current Transfer 


Vep=5V, 


Vce =4V, 
See Notes 6 and 7 
Vce =4V, Ic =3A, 


40 40 40 


Forward Current 
Transfer Ratio 


f= 1 MHz 


NOTES: 6. These parameters must be measured using pulse techniques. ty, = 300 us, duty cycle < 2%. 


7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts, 


thermal characteristics 


PARAMETER 


Rosc 


Junction-to-Case Thermal Resistance 


ReJA 


Ratio 20 100 | 20 100 } 20 100 
See Notes 6 and 7 
Vce=4V, 1.6 1.6 1.6 1.6 
Base-Emitter See Notes 6 and 7 
Voltage Vce =4V, Ic = 10A, 3 3 3 3 
See Notes 6 and 7 
Ip =0.3A, IC =3A, 1 1 1 1 
Cried Collector-E mitter See Notes 6 and 7 
Saturation Voltage Ip =2.5A, Ic =10A, 4 4 4 4 
See Notes 6 and 7 
Small-Signal 
its Common-E mitter Voce = 10V, Ic =0.5A, 20 20 20 20 
Forward Current f=1kHz 
Transfer Ratio 
Small-Signat 
Common-E mitter Voce = 10V, Ic =0.5A, *3 3 3 3 


nN psy 
Oo o 
3 
oO —_ 
3 S 
< < < < 
> > 5 


Junction-to-Free-Air Thermal Resistance 


switching characteristics at 25°C case temperature 


PARAMETER 


ton Turn-On Time 


TEST CONDITIONSt 


Ic =6A, Ip(1) = 9.6 A, 'g(2) = —0.6 A, 


toff Turn-Off Time 


RL =5Q, 


See Figure 1 


VBEloff) = —4 V. 


T Voltage and current values shown are nominal; 


exact values vary slightly with transistor parameters. 
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TYPES TIP33, TIP33A, TIP33B, TIP33C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 
MONITOR 


OUTPUT 
MONITOR 


Rep1= 1082 


1N914 1N914 IN914 


Rep2* 102 s 


! 
' 10% 
OUTPUT | 
90% (Cs 
44 


Vee = 16V 
ADJUST FOR 

Von= 14 VAT 
INPUT MONITOR 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. Vgen is a —30-V pulse (from O V) into a 50-92 termination. 
B. The Vgen waveform is supplied by a generator with the following characteristics: t; < 15 ns, tg < 15 ns, Zout = 50 2, ty, = 20 us, 
duty cycle < 2%. 


C, Waveforms are monitored on an oscilloscope with the following characteristics: t; < 15 ns, Rin 2 10 MQ, Ci, < 11.5 pF. 
D. Resistors must be noninductive types. 
E. The d-c power supplies may require additional bypassing in order to minimize ringing. 

@ FIGURE 1 


INDUCTIVE LOAD SWITCHING 


Voce MONITOR 


tw = Sms 
as. i (See Note B) 
0 
INPUT 
ut VOLTAGE | | | | 
(See Note A) 5V- | 


TUT 


2 
(See Note A) 


I¢ MONITOR ViBRICER — 


COLLECTOR 
VOLTAGE 
Vee1* 10V = 


TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


NOTES: A. L1 and L2 are 10 mH, 0.11 2, Chicago Standard Transformer Corporation C-2688, or equivalent. 
B. Input pulse width is increased until chy = 2.5 A. 


FIGURE 2 
0S a ee ee ee Se ee 
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TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 *« DALLAS, TEXAS 75222 


TYPES TIP33, TIP33A, TIP33B, TIP33C 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS THERMAL INFORMATION 
STATIC FORWARD CURRENT TRANSFER RATIO QO 
vs 
COLLECTOR CURRENT DISSIPATION DERATING CURVE 
100 
7 
c 90 
° 
2 = 
= a 80 
ire 3 
§ os 70 
3 F 
oO 
5 Oo 60 
oO ” 
Fa 3 650 r. 
rd 2 
2 is 40 = 
® & 
Ww 
w . = 
uw £ 
<= x 20 
= 
Se 
il ie 10 
i H] 0 i 
0.01 0.04 0.1 0.4 1 4 10 0 25 50 75 100 125 150 
I¢—Collector Current—A Tc¢—Case Temperature—C 
FIGURE 3 FIGURE 4 
NOTES: 6. These parameters must be measured using pulse 
techniques. tw = 300 us, duty cycle < 2%, 
7. These parameters are measured with voltage- O 
sensing contacts separate from the current- 


carrying contacts. 


MAXIMUM SAFE OPERATING REGION 


1 Y ve 
I ~ See Note Sty ne ina 
= i I 


l 
eel 


20 i A tH 
PSL Ze TTT 
10 Sa Passat =B z = ae = 
{7 AHS 
= LO ey Ty te] 
§ gotta ttt cS 
3 7 TH Oo” NATTY ~ 
-_ OSCE ee 
8 | | Hill 1 aE CURVE CONDITIONS 
i) — : \ = A | tw = 300 us, d = 0.1 = 10% 
1 0.7 f= Smee = oo B | tw= 1 ms, d= 0.1 = 10% 
aid on eae a 1 C | tw= 10 ms, d= 0.1 = 10% 
Baar [RT i) D-C OPERATION 
0.4 = 
Ht vinaaa te {FT 
0.2 ay TIP33B CH Ih = | 


a 
v 
WwW 
a 
i) 
I 
| 
== 


si LI + Hal | 


1 2 4 710 20 40 70100 200 400 


VceE—Coliector-Emitter Voltage—V 


FIGURE 5 
@..: 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped ©) 


inductive load. 
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TYPES TIP29, TIP29A, TIP29B, TIP29C 
N-P-N SINGLE-DIFFUSED AIESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP30, TIP30A, TIP30B, TIP30C 


e 30 W at 25°C Case Temperature 
e 1A Rated Collector Current 
e Min fy of 3 MHz at 10 V, 200 mA 


mechanical data 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 
- - 


THIS PORTION OF LEADS 
FREE OF FLASH | 
8ASE—- ——— 
COLLECTOR —e == 
EMITTER —o =— 


OG7dl4 ‘AGZdIL ‘VEZdIL ‘GZdIL SAGAL 


O046L Y380190 ‘1 ZELLOZ S-1G ‘ON NILS71NG@ 


sh exis” f Ciaw 


MECHANICAL INTERCHANGEABILITY OF TIP29 
PLASTIC PACKAGE WITH TO-66 OUTLINE 


B96L ANN! 'PS60L89 S10 ‘ON NIL3I7NS S39V1d3au 


CASE TEMPERATURE 
0.030 MIN fue ASUREMENT POINT 


{2 PLACES) 


0040 
RAD (2 PLACES) 


(70-66 DIMENSIONS} 


ALL DIMENSIONS ARE IN INCHES 


» absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP29. TIP29A TIP29B TIP29C 


Collector-Base Voltage 40 V 60 V 80 V 100 V 
Collector-Emitter Voltage (See Note 1) 40 V 60 V 80 V 100 V 
Emitter-Base Voltage <._——__ 5 V —___—___» 
Continuous Collector Current ——§|§| _ — 1A —_ —__ > 
Peak Collector Current (See Note 2) <q —_—_ 3A — > 
Continuous Base Current <———_0.4A —_—e 


Safe Operating Region at (or below) 25° C Cass Temperate 
Continuous Device Dissipation at (or below) 25°C Case 


<t—_—+§—- See Figure 5 ————_—__ > 


Temperature (See Note 3) <= 30 W > 
Continuous Device Dissipation at (or balowi 25° C — Ae 

Temperature (See Note 4) so he ke ch ee a ek 7 2W > 
Unclamped Inductive Load Energy (See Note 5) & <= 32 mJ ————___> 


Operating Collector Junction Temperature Range 
Storage Temperature Range é 
Lead Temperature 1/8 Inch from Case for 10 Seconds 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

: 2. This value applies for ty, < 0.3 ms, duty cycle < 10%, 

3. Derate linearly to 150°C case temperature at the rate of 0.24 W/C. 
4 

5 


. Derate linearly to 150°C free-air temperature at the rate of 16 mW/°C. 


<——- 65°C to 150°C ———__» 
<t——- 65°C to 150°C —_» 
<._——— _ 260°C ———_—___»> 


- This rating is based on the capability of the transistor to Operate safely in the circuit of Figure 2. L = 20 mH, Repi = 100 Q, 


Vep2 70 V, Rg = 0.1 2, Voc = 10 V. Energy © I¢2L/2. 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


TYPES TIP29, TIP29A, TIP29B, r1P29C 
N-P-N SINGLE-DIFFUSED FIESA SILICON POWER TRANSISTORS 


© electrical characteristics at 25°C case temperature 


PARAMETER 


Collector-Emitter Ic = 30 mA, 


Vv 
(BRICEO Breakdown Voltage See Note 6 


Collector Cutoff VceE = 30V, 


Current 


Collector Cutoff 


Current 


Vce = 100 V, 


Emitter Cutoff 
1EBO e Veg=5V, 
urrent 


Static Forward 
See Notes 6 and 7 


Vce =4V, 

See Notes 6 and 7 
Base-Emitter Vce=4V, IC =1A, 
Voltage See Notes 6 and 7 
Collector-Emitter Ip =125mA, Ic=1A, 
Saturation Voltage See Notes 6 and 7 


Current Transfer 
Ratio 


VCE (sat) 


Small-Signal 
Common-E mitter Vce = 10V, Ic = 0.2A, 
Forward Current f= 1 kHz 


€: Transfer Ratio 
Small-Signal 


Common-Emitter Vce = 10V, : a) 
rel 


Forward Current f= 1 MHz 
Transfer Ratio 


NOTES: 6, These parameters must be measured using pulse techniques. ty, = 300 ws, duty cycle < 2%, 
7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER | MAX | | UNIT | 
Rejc  Junction-to-Case Thermal Resistance oCAW 


Reja  _ Junction-to-Free-Air Therma! Resistance 


switching characteristics at 25°C case temperature 


TEST CONDITIONST 
Ic=1A, IB(1) = 100 mA, 
VBE(off) = —-4.3V, RL= 302, 


PARAMETER 


= Turn-Off Time 


Ig(2) = —100 mA, 
See Figure 1 


TVottage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES TIP29, TIP29A, TIP29B, TIP29C 
N-P-N SINGLE-DIFFUSED FAESA SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 
MONITOR 


OUTPUT 
MONITOR 


INGT4 


were 1N914 


M 


10% 
OUTPUT 
ida 
af 
= Voc * 30V 
Vep1= 10V ‘| 
FOR = 
sage vat es 
INPUT MONITOR : 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. Vgen is a —30-V pulse (from 0 V) into a 50-2 termination. 
8. The Vgen waveform ‘is supplied by a generator with the following characteristics: ty S 15 ns, te < 15 ns, Zoyy = 502, ty = 20 us, 
duty cycle = 2%. 
C. Waveforms are monitored onan oscilloscope with the following characteristics: tp < 15 ns, Rin 2 10 MQ, Ci, < 11.5 PF. 
D. Resistors must be noninductive types. 
E. The d-c power supplies may require additional bypassing in order to minimize ringing. 


© FIGURE 1 
INDUCTIVE LOAD SWITCHING 


— jo wt 


. (See Note B) 
| | 
Voce MONITOR rs) 
7 INPUT 
VOLTAGE 
u a al a 
(See Note A) —7—~_ 100 ms i ! 
T t \ 
uT 
2 Ue ad) a ee a 
(See Note Aj COLLECTOR ! { 
CURRENT ! 
7 . " | 
Vec= 10V = 


tc MONITOR 


Veg1* 10v 


COLLECTOR 
VOLTAGE 


TEST CIRCUIT VOLTAGE AND CURRENT WAVEFORMS 


NOTES: A. L1 and Ll2are10 mH, 0.11 ©, Chicago Standard Transformer Corporation C-2688, or equivalent. 
B. [Input pulse width is increased until lom = 1.8 A. 


FIGURE 2 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES YIP29, TIP29A, TIP29B, TIP29C 
H-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS THERMAL INFORMATION 
STATIC FORWARD CURRENT TRANSFER RATIO 
© vs DISSIPATION DERATING CURVE XQ 
COLLECTOR CURRENT 
-—+—t+4 
a a = 
° = I 
2 = c 
@ s 
. = 
= % 30 
fs il a 
=== = gf 
c a 4 
3 ae L- S 
3 HH 3 20 
z “| 2 
a: j 
Pe ——s = 
2 =a meee a E 
s == mou z 10 
a ois na x 
if a ual 2 S 
z Bill Hill BERTH 
LUTTE FU HIIME T EM € 
1 0 
0.001 0.004 0.01 0.04 0.1 0.4 1 0 25 50 75 100 125 150 
1¢—Collector Current—A Tc—Case Temperature—"C 
FIGURE 3 FIGURE 4 
NOTES: 6. These parameters must be measured using pulse 
techniques. ty, = 300 us, duty cycle < 2%. 
7. These parameters are measured with voltage- 
sensing contacts separate from the current- 
© carrying contacts. ~ 
MAXIMUM SAFE OPERATING REGION 


Pf: | 
ERT 


tw = 10 ms, d = 0.1 = 10% 
D-C OPERATION 


I¢—Collector Current—A 


VcE—Collector-Emitter Voltage—V 


FIGURE 5 


© NOTE 8: This combination of maximum voltage and current may be achieved only when switching from saturation to cutoff with a clamped QO 
inductive load. 
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SWITCHING TEST SET MEM 562C 


FORWARD TRANSADMITTANCE 
VS DRAIN CURRENT 


FIGURE 1 
Vp*iov 
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DRAIN CURRENT VS GATE VOLTAGE 
TRANSFER CHARACTERISTICS 


oz os =o 


DRAIN TO SOURCE RESISTANCE 
VS GATE VOLTAGE 
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HANDLING PRECAUTIONS The MEM 562 C insulated gate field handling in order to prevent charge 
: ‘ effect transistors have very high gate build up and possible gate break- 
resistance, (10% ohm typical). This down. 
resistance, combined with the gate The shorting of the gate fead to 
capacitance, requires that every pre- the other leads during handling will 
caution be taken during testing and protect the gate from breakdown. 
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BOX 20912 6. PHOENIX, ARIZONA &5036 


PNP SILICON ANNULAR* 


AMPLIFIER TRANSISTORS 


. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 


@ High Collector-Emitter Breakdown Voltage — 
BVCEOQ = 60 Vdc (Min) @ Ic = 1.0 mAde — MPS-U55 
80 Vdc (Min) @ Ic =,1.0 mAdc — MPS-U56 


© High Power Dissipation — Pp = 5.0 W @ Tc = 25°C 
® Complements to MPS-U05 and MPS-U06 


NEW ADDRESS & PHONE 
HAMILTON ELECTRO SALES 
1400 West 46th Ave./DENVER, COLORADO 80216 


PHONE: (303) 433-8551/TWX: 910-931-0580 
EFFECTIVE APRIL Ist, 1969 


MAXIMUM RATINGS 


Symbol MPS-U55 | MPS-U56 


Collector-E mitter ‘Voltage 


Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current — Continuous 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction -55 to +135 
Temperature Range 


Symbol 


al 


Thermal! Resistance, Junction to Ambient 


° i 
Annutar Semiconductors Patented by Motorola Inc. 


PNP SILICON ANNULAR* 
AMPLIFIER TRANSISTOR 


MAY 1969 — DS 5327 


S 


0.095 0.260 
0.105 | 0.285 0.125 oi, 
i Lo oi3 
lead 
slept 
<L a 
79 TYP 


EBC 
ie aaa Pe +-0.100 (NOM) 
——+}-0.200 (NOM) 


Collector connected 
to tab 


CASE 152 


ee 


Characteristic 


OFF CHARACTERISTICS 


[ Cotlector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ig = 0) 


eteAt CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


MPS-U05 


MPS-U06 


Emitter-Base Breakdown Voltage 
(Ig = 100 pAde, Ic = 0) 


Collector Cutoff Current 
(Vcg = 40 Vdc, Ie = 0) 
(Vc = 60 Vdc, Ig = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 50 mAde, Vcg = 5.0 Vde) 
(Ic = 250 mAdc, VcE = 1.0 Vdc} 
(I¢ = 250 mAdc, Vcg = 5.0 Vde) 
(ic = 500 mAde, VcE = 5.0 Vde) 


Collector-Emitter Saturation Voltage 
(Ic = 250 mAdc, Ig = 10 mAdc) 
(Ic = 250 mAdc, Ig = 25 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 250 mAdc, Ig = 25 mAdc) 


Base-Emitter On Voltage 
(Ic = 250 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain—Bandwidth Product 
(Ic = 250 mAdge, VcE = 5.0 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcg = 10 Vdc, le = 0, f = 100 kHz) 


{Input Capacitance 
(Vg_e = 0.5 Vdc, Ic = 0, f = 100 kHz) 


MPS-U05 
MPS-U06 


hee, OC CURRENT GAIN 


cla 
VBE(on) @ Vce * 5.0 Voc _ 


V, VOLTAGE (VOLTS) 


+ J 
| Voce (sat) @ Ie/tp = 10 
‘ aa) 


tot CLL | 


10 20 30 50 7.0 10 20 30 50 70 100 
. Ic, COLLECTOR CURRENT (mA} 


—-— sendin Wire Lunited 
Secondary Breakdown Limited 
Tc = 25°C i 
tt | | 
10 20 30 50 70 10 20 3 
Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Ic, COLLECTOR CURRENT (AMPS) 


BOK 20912 ¢ PHOFNIX. 


Pees Sia ee en ee) 


ze 


depending on conditions. 


ARIZONA 85036 © A SUBSIDIARY OF MOTOROLA INC. 


200 300 500 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate lc — Vcg limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on TJ(pk) = 135°C; T¢ is variable 
At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by secondary breakdown 


MOTOROLA Semiconductor Products tmc.—-- 
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Annular Semiconductors Patented by Motorola Inc. 
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BOX 20912, PHOENIX, ARIZONA 85036 


NPN SILICON 
AMPLIFIER TRANSISTORS 


NPN SILICON ANNULAR* 
AMPLIFIER TRANSISTORS 


MAY 1969 ~ DS 5326 
. . . designed for general-purpose, high-voltage amplifier and driver 
applications. 


© High Collector-Emitter Breakdown Voltage — 
BVCEQ = 60 Vdc (Min) @ Ic = 1.0 mAdc — MPS-U05 
80 Vde (Min) @ Ic = 1.0 mAdc — MPS-U06 
© High Power Dissipation — Pp = 5.0 W @ Te = 25°C 
© Complements to MPS-U55 and MPS-U56 


NEW ADDRESS & PHONE 


HAMILTON ELECTRO SALES 
O 80216 
1400 West 46th Ave./DENVER, COLORAD 
PHONE: (303) 433-8551/TWX: 910-931-0580 
EFFECTIVE APRIL Ist, 1969 


Qe RATINGS 
Rating 

[cotter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current - Continuous 


Total Device Dissipation @ Ta, = 25°C 
Derate above 25°C 


5.0 
45.4 


Temperature R ange 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance, Junction to Case 


Thermal Resistance, Junction to Ambient 


men OM aL 0.100 (NOM) 
—+|-0.200 (NOM) 


Collector connected 
to tab 


CASE 152 


ELECTRICAL CHARACTERISTICS (continued) 


ni [wn | we [tw [ 0 


{ = 200 MHz) 
(Ving = 15 Vae, .0 mAde, 


f = 100 MHz) 


(Vg = 15 Vde, .0 mAdc, R, = 1.0 k ohm, 2N5485, 2N5486 


Ro = 1.0 k ohm, 2N5485, 2N5486 


{ = 400 MHz) 


Insertion Power Gain 
Vig = 15 Vdc, Ib = 1.0 mAdce, f = 100 MHz) 2N5484 


(Vpg = 15 Vde, I) = 1.0 mAde, f = 200 MHz) 2N5484 
I = 4-0 mAde, f = 100 MHz) 2N5485, 2N5486 


= 15 Vde, In = 4.0 mAdc, f = 400 MHz) 2N5485, 2N5486 


® SMALL-SIGNAL CHARACTERISTICS 
Forward Transadmittance 
t (V.. = 15 Vde, V_.. = 0, f = 1.0 kHz) 2N5484 
: ai 88 2N5485 
2N5486 
Forward Transconductance 
1 (Vg = 15 Vde, Veg = 9, f = 100 MHZ) 2N5484 
(V_. = 15 Vdc, V... =0, f = 400 MHz) 2N5485 
us i 2N5486 
Output Admittance 
(V... = 15 Vde, V., =0, f = 1.0 kHz) 2N5484 
Ds Se 2N5485 
2N5486 
Output Conductance . umhos 
(Vong = 15 Vdc, Yes =0, f = 100 MHz) 2N5484 
(Vos =15 Vdc, Vos = 0, f = 400 MHz) 2N5485, 2N5486 
Input Conductance 
Ving = 15 Vdc, Vos = 0, { = 100 MHz) 2N5484 
(Vos = 15 Vde, Vos = 0, f = 400 MHz) 2N5485, 2N5486 
Input Capacitance pF 
(Vong = 15 Vdc, Ves = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance pF 
(Vong = 15 Vde, Vos =0, f = 1.0 MHz) 
Output Capacitance pF 
WVog = 15 Vdc, Vos = 0, f = 1.0 MHz) 
Common-Source Noise Figure 
Ves =0, Rg = 1,0 Megohm, f =1.0kHz) All Types 
= th = 1,0 mAdc, Rg = 1.0kohm, 2N5484 
f = 100 MHz) 
(Vog = 15 Vdc, .0 mAdc, Ro =1.0kohm, 2N5484 


FIGURE 1 - 100 MHz & 400 MHz NEUTRALIZED AMPLIFIER 


Reference VALUE 
Designation 100 MHz 400 MHz 
Cc, 1-12 pF 0. 8-8.0 pF 
INPUT Cc 1000 pF 27 pF 
ae Cy 3-12 pF 0.8-8.0 pF 
TO 502 
source ! f c, 1-12 pF 0. 8-8.0 pF 
= NOTE: cy. 1-12 pF 0. 8-8.0 pF 
a +], The noise source is a hot-cold body Cy 0.0015 pF 0.001 uF 
—— (AIL type 70 or equivalent) with a 
| test receiver (AIL type 136 or Cy 0.0015 uF 0.001 uF 
equivalent). Ly 3.0 pH" 0.2 pH"* 
ADJUST Vos FOR Lo 0.25 yH* 0.03 pH** 
oe 
Ine 5.0 mA Ly 0.14 pH* 0.022 pH 
Vos < 0 VOLTS 
° L, 17 turns (approximately - depending upon circuit layout), o* E 6 . i r : 
Ror eenperitalg 7 aeegr acd omiraera i al A Awe apacunnisled coveer vine, clare wougdiun Uae 
mic coi] form. Tuning provide a powdere i 
iron slug. saa ceramic coil form. Tuning provided by an aluminum 
slug. 
41/2 turns, AWG #18 enameled copper wire, 5/16" long, 
hy 3/8" I. D. (AIR CORE). ne L, turn, AWG #16 enameled copper wire, 3/8" I. D. (AIR CORE). 
31/2 turns, AWG #18 enameled copper wire, 1/4" long, G i ” 
Ly 3/8". D. (AIR CORE). af Ly 1/2 turn, AWG #16 enameled copper wire, 1,4" 1. D. (AIR CORE). 
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2N5139 
PNP HIGH-SPEED SWITCH AND RF AMPLIFIER 


DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTOR 


PHYSICAL DIMENSIONS 


e HIGH BETA....... Nee = = 150 (TYP) AT 10 mA in accordance with JEDEC (TO-106) outline 
e HIGH FREQUENCY... = == 500 MHz (TYP) AT 10 mA 

e LOW CAPACITANCE . C., = 2.2 pF (TYP) 

© HIGH VOLTAGE .... . Logo = 20 VOLTS (MIN) 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
Maximum Temperatures 


Storage Temperature —55°C to +125°C 

Operating Junction Temperature +125°C Maximum 

Lead Temperature (Soldering, 10 second time limit) +260°C Maximum 
Maximum Power Dissipation (Notes 2 and 3) : K 

Tota! Dissipation at 25°C Case Temperature ; . 0.5 Watt Emitter Collector 

at 25°C Ambient Temperature : 0.2 Watt fen ee.t f a 

Maximum Voltages and Current sr 

Vos Collector to Base Voltage —20 Volts ~ 

Veto Collector to Emitter Voltage (Note 4) —20 Volts 

Veso Emitter to Base Voltage —5.0 Volts 

I Collector Current 100 mA a a Te ee Oy eetshid from case 


Package weight is O31 gram Package 
is electrically non conductive material 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 
SYMBOL CHARACTERISTICS ; MIN. TYP. MAX. UNITS TEST CONDITIONS 
DC Current Gain 30 70 lo =100uA Veg = —10V 


Teg DC Current Gain 40 100 Io =1.0mA Veg = —10V 
hee DC Pulse Current Gain (Note 5) 40 150 I, =10mA Veg = —1.0V 
Higg DC Pulse Current Gain (Note 5) 15 30 lo = 50 mA Vee = —10V 
Voee(sat) Collector Saturation Voltage —0.15 Volts I, =1.0mA 1, = 0.1 mA 
Voz(sat) Pulsed Collector Saturation Voltage (Note 5) , —0.20 Volts I. = 10mA I, = 1.0 mA 
Vo,(sat) Pulsed Collector Saturation Voltage (Note 5) —0.2 ~0.5 Volts I, =50 mA |, = 5.0 mA 
Vo (sat) Pulsed Base Saturation Voltage (Note 5) —07 —0.77 —1.0 Volts 1, = 10mA 1, =1.0mA 
Voc (sat) Pulsed Base Saturation Voltage (Note 5) —0.75 —1.25 Volts Io = 50 mA I, = 5.0 mA 
tos Turn On Time (Note 6) 50 ns I, ~ 50 mA Ig, == 9.0 mA 
tore Turn Off Time (Note 6) 200 ns I, ~ 50 mA Ig, = 5.0 mA 
: lap = —5.0 mA 


High Frequency Current Gain (f = 100 MHz) Veg = —20V 


Additional Electrical Characteristics on page 2 i *Planar is a patented Fairchild process. 


NOTES: a 
(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 
(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 
(3) These ratings give a maximum junction temperature of 125°C and junction to case thermal resistance of 200°C/Watt (derating factor of 5.0 mW/*C); junction to ambient thermal 
resistance of 500°C/Watt (derating factor of 2.0 mW/°C). 
(4) Rating refers to a high-current point where collector to emitter voltage is lowest. For more information send for Fairchild Publication APP-4/2. 
(5) Pulse Conditions: length = 300 ys; duty cycle = 1%. 
(6) See switching circuit for exact values of Ic, tei, and 182. 
: 
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FAIRCHILD TRANSISTOR 2N5138 


NOTES: 


{1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 
(2) These are steady state limits. The factory should be consulted on applications involving pulsed or Jow-duty cycle operations. 


(3) These ratings give a maximum junction temperature of 125°C and junttion to case thermal resistance of 200°C/Watt (derating factor of 5.0 mW/°C); junction te ambient thermal 
resistance of 500°C/Watt (derating factor of 2.0 mW/°C). 


(4) This rating refers to a high-current point where collector to emitter voltage is lowest. 
(5) Pulse Conditions: tength = 300 ws; duty cycle = 1%. 
(6) Rs = 10 kQ, Power Bandwidth of 150 Hz. 


(7) Rs = 10 k2, Power Bandwidth of 15.7 kHz with 3.0 dB points at 10 Hz and 10 kHz. 
(8) Rs = 1.0 kQ, Power Bandwidth of 150 Hz. 


4-186 


FAIRCHILD TRANSISTOR 2N5134 


CHARGE STORAGE TIME MEASUREMENT CIRCUIT 


‘A’ 
8 


g90a 0.1 1k 


0 7 
Vin 


—10 


Pulse Generator 

Vin Rise Time < 1 ns 
Source Impedance = 50 
PW 2300 ns 

Duty Cycle <2% 


ton — tore MEASUREMENT CIRCUIT 
2200 0.14F 


Vout 
3.3ka 


7 
Vout 

os" 90% 
ton Vap=-3V 
Vin = +15.25¥ 


0.0023 | 0.0023 
uF uF 


Pulse Generator 

Vin Rise Time <1 ns 
Source impedance = 509 
PW 2 300ns 

Duty Cycle <2% 


CIRCUIT FOR MEASUREMENT OF PROPAGATION DELAY 


te 
$s100% 100 5102 5102 5102 
ry, “7 2 | 
Pulse Generator L 
tp, < O5 ns 
2, = 500 WAVEFORM 1 8 STAGES 


WAVEFORM 2 


z . te¥ty 
tpd 30 


tpd = Average Propagation per Transistor 


ROTES: 7 
(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 
(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 


(3) These ratings give a maximum junction temperature of 125°C and junction to case thermal resistance of 200°C/Watt (derating factor of 5.0 mW/°*C). Junction to ambient 


thermal resistance of 500°C/Watt (derating factor of 2.0 mW/°C). 
(4) Rating refers to a high-current point where collector to emitter voltage is lowest. 
(5) Pulse Conditions: length = 300 us; duty cycle = 1%. 
(6) Sea switching circuits for exact value of Ic, tg,, and I,,. 


4-182 


iad +— 10% Pulse waveform 
0 = at point ‘A’ 
~4V 


To Sampling Oscilloscope 
Input impedance = 502 
Rise Time ¢ l ns 


toff 
Vg p= +12.0V 


Vin =-20.9V 


To Sampling Oscilloscope 
Input Impedance = 500 
Rise Time $1 ns 


Waveforms 1 and 2 Superimposed 


_* 


2N9134 
© NPN HIGH-SPEED SATURATED SWITCH 


DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTOR 


e HIGH FREQUENCY CURRENT GAIN... f; = 400 MHz (MIN) niu cick GIREHSIONS 
© ROW GAPAENIARIE gs eo ese Ga hor Oe) in accordance with JEDEC (TO-106) outline 
e LOW CHARGE STORAGE TIME...... t, = 18 ns (MAX) 

@ LOW Vog(sat) eee eee ee eee 0.2 VOLT (MAX) AT 10 mA 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
Maximum Temperatures 


Storage Temperature 55°C to +125°C 

Operating Junction Temperature 125°C Maximum 

Lead Temperature (Soldering, 10 second time limit) 260°C Maximum 
Maximum Power Dissipation : 

Tota! Dissipation at 25°C Case Temperature (Notes 2 and 3) 0.5 Watt 

at 25°C Ambient Temperature 0.2 Watt J Lead No. 2 

Maximum Voltages and Current Collector 

VcBo Collector to Base Voltage 20 Volts 

Voes Collector to Emitter Voltage 20 Volts 

Voto Collector to Emitter Voltage 10 Volts - 

Veso Emitter to Base Voltage 3.5 Volts 

Ie Collector Current (10 ys Pulse) 500 mA 

Ic of Coflector Current 100 mA BOTS: An Tecdccieciiicaipicaigiee trom case 


Pachage weight is 0.3] gram Pachage 
is electrically non-conductive material 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


SYMBOL CHARACTERISTICS MIN. TYP. MAX. UNITS TEST CONDITIONS 
hice DC Pulse Current Gain (Note 5) 20 66 150 Io = 10mA Vop = 1.0V 
hee DC Pulse Current Gain (Note 5) 15 71 Ip = 30 mA Veg = OAV 
hee DC Pulse Current Gain (Note 5) 40 Ic = 100 mA Vop = 1.0V 
Vac(sat) Base Saturation Voltage 0.70 0.80 0.90 Volts Ic =10mA 1, = 1.0 mA 
V,¢(sat) Base Saturation Voltage 0.72 0.85: 1.10 Volts I¢=10mA I, = 3.3 mA 
Voc (sat) Base Saturation Voltage 0.90 Volts t= 30mA I, = 3.0 mA 
Voe(sat) Base Saturation Voltage 1.10 Volts I, = 100mA 1, = 10 mA 
Vo, (sat) Collector Saturation Voltage 0.14 0.25 Volts Ig = 10 mA 1, = 1.0 mA 
Vog(sat) Collector Saturation Voltage 0.12 0.20 Volis {I,=10mA I, = 3.3 mA 
Vog(sat) Collector Saturation Voltage 0.17 , Volts 1, =30mA I, = 3.0 mA 
Voe(sat) (-+65°C) Collector Saturation Voltage . 0.19 _ Volts Io == 10mA I, = 1.0 mA 
Vog(sat) Collector Saturation Voltage 0.28 Volts I, =100mA 1, = 10 mA 
hy, High Frequency Current Gain (f= 100 MHz) 25 5.75 : I, = 10 mA Vee = 10V 
Co, Collector-Base Capacitance 23 4.0 pF I; =0 Vo, = 5.0V 
logs Collector Reverse Current F 0.05 0.40 HA) Vop = 15V Vee = 0 
lego (65°C) Collector Cutoff Current 1.0 10 pA I, =0 Veg = 15V 
BV ces Collector to Emitter Breakdown Voltage 20. Volts !¢=10yHA Voz = 0 
BVcg6 Collector to Base Breakdown Voltage 20 Volts Io =10yA I; =0 
Veo (sust) Collector to Emitter Sustaining Voltage (Notes 4 and 5) 10 Volts Ic = 10 mA (pulsed) 1, = 0 
BVeso Emitter to Base Breakdown Voltage 3.5 Volts I, =0 I; = 10 pA 
Te Charge Storage Time Constant (Note 6) : 7.0 18 ns Io = I,, = 10 mA, I, ~ —10 mA 
is Turn On Time (Note 6) 8.0 18 ns Ig = 10 mA, 1g, ~ 3.3 mA 
ton Turn Off Time (Note 6) 7.0 18 ns Ic = 10 mA, Ip, ~ 3.3 mA, 

ly. = —3.3 mA 


*Planar is a patented Fairchild process. 
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Delay Lines, Lumped Constant Series 


EH CASE (DIP) 
© Fast Rise Time — all delay lines feature fast rise time and low distortion. 
© 10 Taps - each delay line has 10 equally spaced taps. 


© Printed Circuit Board Mounting — this series is designed for printed circuit 
board mounting. Both D-I-L and D-I-P packages available. (Both 14 & 16 lead). 


EH CASE a 
a a 
» at sas 8 8 ee a 8 Bout goer ees t 
Scwimaric ? | = 
oun ' 
A mege 
DL CASE #22 aws 


L SOLDERABLE .360 
LEAD MAX 
a (12 PLACES) 030 


: 600 100 
MAX | 
Siecle tltlls ka alist - . s 
: 300 le vole 5 —el ae DIA J % 250 
+005 STAND - OFF i 
(4 PLACES) 
TOLERANCE +.010 
Fig. 1 
22 AWG 
L SOLDERABLE es 
7 w LEADS 7 
12 PLAC 
hes (2 PL — eG 
187 ———s as pa 
fete estas Loo aa 
875 +005) : ! 675 | 
MAX. | : 
| ! | 
f dl - s | he .062 DIA | _.250 
‘A MIN 
TOLERANCE +.010 pees 
Fig. 2 
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Aircon Carr ks 


Impedance 
Delay 
Per Tap 
(ns +3 ns) 


Catalog 
Number 


10 


vate Cy flay vdco ce poke 


Totai Delay 

Rise Time 
Ratio Distortion | Attenuation | Case 
(% max.) % max.) Style 


~~ 6(t2ns)| 


Rating Range 


Total Delay 50 to 500 nsec 
Delay Per Tap 5 to 50 nsec 
Rise Time 8.5 to 50 nsec 
Impedance , 50 and 100 ohm 
Distortion 10% maximum 
Temperature Coefficient 

Approximately 100 PPM/°C 
Peak Pulse Voltage 100 volts 


This series of Lumped Constant Delay Lines offers maximum 
reliability in a high density package. Designed for computer 
applications, these units are fully encapsulated in epoxy 
resin. The units in the GH case are transfer molded and 
suitable for automatic machine insertion. 

All units feature 10 equally spaced taps, fast rise time, and 
printed circuit board mounting. 

Generally, a delay line is used to control the timing between 
two signals by delaying one with respect to the other. A 
delay line can be defined as a low pass filter which, up to a 
\ given frequency (the cut-off frequency), has a constant 
attenuation and a linear phase shift. When these conditions 
are met, a signal, such as-a pulse, passing through the delay 
line will arrive at the load after the specified delay time 
interval. When the pulse rise time is compatible with the 


Prices 


Quantities 1-9. Available from stock. 

-DL1 case style $20.00 each 
DL2 case style $20.00 each 
DL3 case style $30.00 each 
.DL4 case style $30.00 each 
EH case style $24.00 each 


design cut-off frequency and the delay line is matched on 
both ends with the proper impedance, the pulse will arrive 
with minimum attenuation and distortion. 


u 


Distributed delay lines can be designed for impedances of 50 
ohms to 1000 ohms and with or without TAPS. The Delay to 
Rise Time Ratio varies from approximately 1.5 to 4 
depending on requirements of the application. The lower the 
ratio the lower the cost. 

They are available in EH Case (DIP) and in other packages as 
need dictates. Distributed lines are custom designed and are 
manufactured in Pulse Engineering’s new Mexico delay line 
facility. If you have volume requirements, Pulse can offer 
you significant savings. Contact any office listed on the back 
cover of this catalog. 
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LM 304 negative regulator 
general description 


The LM304 is a precision voltage regulator which 
can be programmed by a single external resistor to 
supply any voltage from 30V down to zero while 
operating from a single unregulated supply. It can 
also provide 0.01-percent regulation in circuits 
using a separate, floating bias supply, where the 
output voltage is limited only by the breakdown 
of external pass transistors. Although designed 
primarily as a linear, series regulator, the circuit 
can be'used as a switching regulator, a current 
regulator or in a number of other control applica- 
tions. Typical performance characteristics are: 


® 1 mV regulation no load to full load 
= 0.01%/V line regulation 


schematic and connection diagrams 


ADJUSTMENT 


REFERENCE REFERENCE COMPENSATION 


typical applications 


Operating with Separate Bias Supply 


©) 1060 NATIONAL CCMICONDLIICTOR CORP 


7 BOOSTER 
pote REFERENCE (2) aurrar 


023 


§ CURRENT 
Limit 


= 0.2 mV/V ripple rejection 


The LM304 is a complement of the LM300 and 
LM305 positive regulators, intended for systems 
requiring regulated negative voltages which have a 
common ground with the unregulated supply. By 
itself, it can deliver output currents to 25 mA, but 
external transistors can be added to get any de 
sired current. The output voltage is set by external 
resistors, and either constant or foldback current 
limiting is made available. The LM304 is a 
commercial/industrial version of the LM104 and 
LM204. 


$ 
GROUND 


TOP VIEW 


NO 
CONNECTION 


ADJUSTMENT (fr) 


REGULATED 


REFERENCE 
SUPPLY 


COMPENSATION ey (s) (5) CURRENT LIMIT 
UNREGULATED 
INPUT 


Note: Pin 6 Connected to Case 


$ UNREGULATED 


input 


Basic Regulator Circuit 


1 Sold Tewtatem 


* Tem FY fer exact 
scale tector 


Switching Regulator 


* Seted Tentaem 

* 60 Tums 220 
oe home 
Enpacerag 
asjars?2 
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absolute maximum ratings 


Input Voltage 40V 


Input-Output Voltage Differential 40V 
Power Dissipation (Note 1) 500 mw 
Operating Temperature Range 0°C to 70°C 
Storage Temperature Range -65°C to 150°C 
Lead Temperature (Soldering, 60 sec) 300°C 


electrical characteristics (Note 2) 


Input Voltage Range 


Output Voltage Range 


Io = 20mA 
lo =5mA 


Output-Input Voltage 
Differential (Note 3) 


Load Regulation (Note 4) O0<!9 <20mA 


Rsc = 150 


Vout <-5V 
AV in =0.1 Vin 


Line Regulation (Note 5) 


Cig = 10 uF, f = 120 Hz 
Vin <-15V 
AVS Vig>=ibv 


Ripple Rejection 


Output Voltage Scale Factor Ro3 = 2.4K 


Temperature Stability t Vo<-1V,0°C<T,<70°C 


10 Hz <f< 10 KHz 
o <-5V, Cig =0 
Cig = 10 uF 


Output Noise Voltage 


Standby Current Drain L=5mA,Vo=0 


Vo = -30V 


Long Term Stability Vo <-1V 


Note 1: For operating at elevated temperatures, the device must be derated based 
on an 85°C maximum junction temperature’ and a thermal resistance of 45°C/W 
junction to case or 150°C/W junction to ambient. Peak dissipations to 1.0W are 
allowable providing the dissipation rating is not exceeded with the power averaged 
Over a two second interval. 

Note 2: These specifications apply for junction temperatures between O°C and 
85°C and for input and Output voltages within the ranges given, unless otherwise 
specified. The load and line regulation specifications are for constant junction 
temperature. Temperature drift effects must be taken into account separately 
when the unit is operating under conditions of high dissipation. 


Note 3: When external booster transistors are used, the minimum output-input 
voltage differential is increased, in the worst case, by approximately 1V. 

Note 4: The output currents given, as well as the load regulation, can be in- 
creased by the addition of external transistors. The improvement factor will be 
roughly equal to the composite current gain of the added transistors. 

Note 5: With zero output, the dc line regulation is determined from the ripple 
rejection. Hence, with output voltages between OV and —5V, a dc output varia- 
tion, determined from the ripple rejection, must be added to find the worst-case 
fine regulation. 


typical performance characteristics 


Current Limiting 


Load Regulation 


Load Regulation 
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LOAD CURRENT (mA) 


LOAD CURRENT (mA) 


LOAD CURRENT (mA) 


Supply Voltage Rejection With 


Ripple Rejection 


Preregulated Reference Supply 


Supply Voltage Rejection 
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DC INPUT VOLTAGE (V) 


DC INPUT VOLTAGE (V) 


Regulator Dropout Voltage Minimum Input Voltage 


Current Limit Sense Voltage 
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JUNCTION TEMPERATURE (°C) 


Standby Current Drain 


Load Transient Response 


Line Transient Response 
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definition of terms 


Input Voltage Range: The range of dc input volt- 
ages on the unregulated input and the reference 
supply over which the regulator will operate with- 
in specifications. 


Output Voltage Range: The range of regulated 
output voltages over which the specifications 
apply. 

Output-Input Voltage Differential: The difference 
between the unregulated input voltage and the 
regulated output voltage for which the regulator 
will operate within specifications. 


Line Regulation: The change in regulated output 
voltage for a change in voltage on the unregulated 
input and reference supply terminals. 


Ripple Rejection: The line regulation for ac input 
signals at or above a given frequency with a speci- 
fied value of bypass capacitor on the adjustment 
terminal. 


Load Regulation: The change in regulated output 
voltage for a change in load from zero to the maxi- 
mum load current specified. 


Current-Limit Sense Voltage: The voltage across 
the current limit terminals required to cause the 
regulator to go into current limiting. This voltage 
is used to determine the value of the external cur- 
rent limit resistor when external booster transis- 
tors are used. 


Temperature Stability: The percentage change in 
output voltage for a thermal variation from room 
temperature to either temperature extreme. 


Output Voltage Scale Factor: The output voltage 
obtained for a unit value of resistance between the 
adjustment terminal and ground. 


Output Noise Voltage: The average ac voltage at 
the output with constant load and no input ripple. 


Standby Current Drain: That part of the operat- 
ing current of the regulator which does not con- 
tribute to the load current. 


Long Term Stability: Output voltage stability 
under accelerated life-test conditions at 125°C 
with maximum rated voltages and power dissipa- 
tion for 1000 hours. 


National Semiconductor Corporation 


physical dimensions 
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‘016 DIA. 10 LEADS 


Order Number LM304H 


2975 San Ysidro Way, Santa Clara, California 95051 Nis 


(408) 245-4320/TWX (910) 339-9240 


All Allen-Bradley composition fixed resistors aré iden- 
tified by a part number which will provide information as 
to the type of resistor, resistance value ond tolerance. 
The information below shows how these part numbers 
can be interpreted. 


None of the Allen-Bradley composition fixed resistors 
have the part number put directly on the resistor. The 


Conpestion rixed Kesisiors 
Explanation of Part Numbers 


OWL 


Derenbenye., 


specifications, ordering and other places where it is con- 
venient to use ao part number to describe a particular 
resistor. 


The only thing that appears on the resistor itself, in 
the way of identification is the standard EIA color coding. 
For your convenience, we are also giving you on this 
sheet a break down of this color coding. 


part number is merely for identification on drawings, 


GB1035 


Type of Resistor 1. Resistance Value Tolerance 
Wattage Rating “First two digits are significant figure. 5—+ 5% 
Resistor Type Wattage | Third digit or letter.is the multiplier as follows: — +10% 
BB Ye Watt i = 2— 420% 
CB ‘ “% Watt prey Mullipiler of a 4b 2% 
EB Ya Watt 0 , N 
GB 1 Watt = 5 he 
HB) 2 Watt ise ; 
GM ‘ 3 Watt 3 1,000 3 Examples:— 
HM | 4 Watt 4 10,000 4 1000 Ohms — 102 
4 5 100,000 5 1200 Ohms — 122 
cS ‘A Wat 6 1,000,000 6 100 Ohms — 101 
ES “2 Watt 7 10,000,000 7 2.7 Ohms — 27G 
. G 0.1 None 10 Megohms — 106 


Color Code | Preferred Number Series 

oak wae 10 15 22 33 47 68 
' +5% j& 11 16 24 36 51°75 

Tolerance 12 18 27 39 56 82 


First Band — Ist Digit eal ; (13.20 30 43 62 91 
7 frie inact 4 | . 10% ,10 15 22 33 47 68 
| Second Band — 2nd Digit . | | ‘Tolerance 12 18 27 39 56 75 
by | he oo 
| Third Band — Number of {tt ; 20% 110 15 22 33 47 68 
| Zeroes or Decimal Multiplier ------' + UGC 5 2 annem mame 
| Fourth Band—Tolerance --.- -- 
Color Digit Multiplier | Color Digit Multiplier; 
Black (¢) : 1 i Red +t 2% Tolerance 
Brown 1 10 } (Fourth Band) ' 
Red 2 100 i Gold + 5% Tolerance 0.1 
Orange 3 1000 . Silver + 10% Tolerance 0.01 
Yellow 4 10,000 ! No Color + 20% Tolerance 
Green 5 100,000 j 
Blue 6 1,000,000 ; 
Violet 7 10,000,000. 
Gray 8 100,000,000 
White 9 1,000,000,000 ; 


Supersedes Technical Bulletin BSOOOB Dated June, 1965. 
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Application 

Type CB resistors are recommended primarily for appli- 
cation in industrial and commercial electronic equipments 
_where small size, uniform mechanical and electrical char- 
acteristics and the highest degree of reliability are de- 
sired. They are ideal for use in mobile, airborne, and 
portable military equipments including transistorized and 


Composition Fixed Resistors 
Type CB — '/, Wait 


Technical 
Bulletin 
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They are recommended also for 
entertainment devices such as portable radio and tele- 
vision receivers, tape recorders, and high fidelity equip- 
ments, etc., where the high quality of these devices is the 
prime consideration. 


miniaturized designs. 


Construction 


The Type CB resistor is identical in basic design with 
the Allen-Bradley types EB, GB, and HB resistors which 
have proven to be the most reliable of ALL electronic 
components. The resistance material, the mineral filled 
insulation material, and the headed lead wires are all 
molded together at one time by means of the exclusive 
Allen-Bradley hot molding process into a single solid 


_ integral structure. There are no cracks or crevices to ad- 


mit moisture. Lead wires are hardened in the region im- 
mediately adjacent the resistor body for superior vibra- 
tion performance. Headed portions of the lead wires are 
molded within and are surrounded by resistance material 
to ensure permanent low resistance contact. The insulation 
material completely surrounds the resistonce material. 
The resistance material has a relatively large uniform 
cross section which results in low uniform current densities 
and complete absence of localized high temperatures or 
“hot spots”. The efficient distribution of heat throughout 
the mass of the resistor with the elimination of these 
“hot spots" results in superior performance with respect 
to the life and short time overloads of several times rating. 


Ouvistancing Features 


Reliable 


These resistors when used according to published ratings 
and recommendations will not open circuit nor exhibit 
erratic changes of resistance value. They are dependable. 


Uniform 


Rigid quality controf insures consistent characteristics 
and predictable performance. 


Small 


Type CB resistors are substantially SMALLER than com- 
petitive products of comparable ratings. 


Easy to Solder 


The hot solder coated lead wires can be soldered with 
ease even after long periods of time in stock. 


Packaging 


Packaging in strips or in reels for use in automatic 
assembly operations, prevents the lead wires from becom- 
ing bent and tangled. 


Rugged 


The exclusive Allen-Bradley hot molding process re- 
sults in a single solid integral structure which is mechani- 
cally strong without cracks or crevices. 


Appearance 


Type CB resistors have a smooth, glossy, attractive sur- 
face. The color coding is applied in well defined bands 


which are clear and distinct. The colors adhere per- 
manently to the resistor body and retain their color when 
resistors are operated continuously at maximum rated 
temperature. Color bands are unaffected by most 
solvents. 


Noise 


Small rapid variations of resistance which in some appli- 
cations result in noise or other modulation effects, are 
extremely low—being of the same order as those resulting 
‘from thermal! agitation. 


Moisture Resistance 


These resistors when tested in accordance with MIL- 
STD-202A Method 106 meet the moisture resistance re- 
quirement of MIL-R-11B for ¥2, 1 and 2 watt resistors. 


Temperature Cycling and Thermal Shock 


Type CB resistors, as well as Types EB, GB, and HB 
resistors, are not damaged and exhibit little if any re- 
sistance change as a result of exposure to conventional 
temperature cycling and thermal shock tests including SALT 
WATER IMMERSION. See MIL-STD-202A. 


Commercial and Military Specifications 


The performance of Type CB resistors exceeds the 
highest requirements of Electronic Industries Assn. (former- 
ly RETMA—Radio-Electronic-Television Mfgs. Assn.) stand- 
ard RS-172 and Military Specification MIL-R-118B. 


e 


Specifications 


Ambient Temperatures—Suitable for continuous 
use throughout ombient temperature range of 


to + 150°C. 


Marking — Electronic Industries Assn. standard and 
MIL-R-11B Color Code (MIL-STD-221). 


Resistance — Electronic Industries Assn. standard 
and MIL-R-11B values presently—47 ohms to 22.0 
megohms inclusive. 


Resistance Tolerance — +5%, +10%, and +20%. 


Power—Maximum continuous power 0.25 watt at 
+70°C. ambient provided maximum continuous volt- 
age rating not exceeded. Derate linearly from maxi- 
mum continuous power rating at +70°C. ambient to 
zero at -+ 150°C. ambient. 


Voltage—Maximum continuous 250 volts D.C. or 
60 cycle RMS provided maximum continuous power 
rating not exceeded. 


Voltage Coefficient—Less than 0.035% resist- 
ance change per volt. 


Insulation Dielectric Strength—In excess of 500 
volts D.C. or 60 cycle RMS. 


Insulation Resistance —More than 100,000 MEG- 
OHMS. (Clean and dry). 


Test Specification Details—The performance speci- 
fications listed in this technical bulletin are based upon 
results of tests conducted in accordance with the environ- 
mental test conditions and procedure details specified 
in Electronic Industries Assn. standard RS-172 and 
Military Specifications MIL-R-11B and MIL-STD-202A. 


—55°C + 


Load Life —Permanent change of resistance less than 
6% as a result of operation for 1000 hours (1% 
hours “ON” Y2 hour “OFF") at 0.25 watt with +70°C. 
ambient temperature provided maximum continuous 
voltage of 250 volts D.C. or 60 cycle RMS not ex- 
ceeded. Compliance with this requirement is the 
basis for the power and voltage ratings. 


Short Time Over Load—Less than 2.5% change 
of resistance and no mechanical damage as a result 
of 5 seconds at 6.25 times power rating— 1.56 watts, 
provided voltage across resistor does not exceed 
400 volts D.C. or peak 60 cycle A.C. ambient tem- 
perature +25° +5°, 


Temperature Cycling and Thermal Shock— 
Less than 2.0% change of resistance and no mechani- 
cal damage as a result of 5 cycles in accordance with 
Electronic Industries Assn. standard RS-172 or Mili- 
tary Specification MIL-R-11B. 


No resultant damage when tested in accordance 
with the temperature cycling or thermal shock tests, 
described in Military Specification MIL-STD-202A and 
listed below. 


Method 102A Temperature Cycling—all test con- 
ditions. 


Method 107 Thermal Shock — test conditions A 
and B. 


Method 104A Immersion Saturated Salt Water— 
all test conditions. 


Temperature Characteristic—Same as types EB, 
GB, and HB. See table and graph. 


Temperature Characteristics 


Maximum Percent Temporary Resistance Change From +25°C. Value At 


Resistance 
At +25°C, — 55°C. —25°C. o°c. +55°C +85°C, +310°C +130°C, +150°C 
47 Ohm +6.5 +3.5 +2 +2 £2.35 +4.5 +6.5 +8.5 
100 Ohm +6.5 +3.5 +2 +2 +25 +4.5 +6.5 +8.5 
1,000 Ohm +8.5 +4.5 +2 +2 aS +5.5 +8 +10.5 
10,000 Ohm +10 +5.5 +2.5 +2 +3.5 +6.5 +9.5 +12.5 
0.1 Megohm +12 +6.0 +2.5 +2 +4  +7.5 +11 +15 
1 Megohm +14 +7.0 +3.0 +2 +4.5 +8.5 +12.5 +17 
10 Megohm +15 +7.5 +3.0 +2 +5 +9 +13 +18 
22 Megohm +15 +7.5 +3.0 amd +5 +9 +13 +18 


Curves Showing Per Cent Temporary Resistance Changes from Plus 25° Centigrade Values. 


A=Resistance 10,000 Ohms; B= Resistance 0.5 Megohm. 
Typical data not necessarily average. See above table for Maximum Values. 
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Specifications 


Low Temperature Storage—Less than 2.0% 
change of resistance and no mechanical damage as 
o result of 24 hours at —63° +0° —2°C. 


Low Temperature Operation—lLess than 3.0% 
change of resistance and no mechanical damage as 
a result of 45 minutes at ambient temperature of 
—55° +0° —2°C. under electrical load of 0.25 
watt—maximum of 250 volts D.C. or 60 cycle RMS. 


Humidity (Steady State)—Temporary change of 
resistance less than 10% as a result of exposure to 
90 to 95% relative humidity at +40°C. ambient 
temperature for 250 hours. See MIL-R-11B and 
MIL-STD-202A, Method 103A all test conditions or 
Electronic industries Assn. standard RS-172 for details. 


Moisture Resistance (Cycling)—Temporary 
change of resistance less than 10% average as a 
result of exposure to the cycling test specified in 
MIL-R-11B and MIL-STD-202A Method 106. 


Soldering Characteristic—Change of resistance 
less than 3.0% as a result of immersion of lead 
wires one at a time for 3 +1 seconds each in a pot 
of molten solder at a temperature of 350° +5°C, 
to a point within Ys to %e inch from the resistor body. 


Commercial and Military Specifications—The 
performance of Type CB resistors exceeds the highest 
requirements of Electronic Industries Assn. (formerly 
RETMA—Radio-Electronic-Television Mfgs. Assn.) stand- 
ard RS-172 and Military Specification MIL-R-11B. 
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Commercial TRIMPOT® Potentiometer 
Cermet Element 
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FEATURES Actual Size 


+ Low cost. 

* Low PC board profile, only %4” off the board. 

* Stable cermet element offers continuous resolution. 
+ High power rating: 0.75 watt at 70°C 


+ Low temperature coefficient: 100 ppm/°C over 
—55° to +125°C temperature range. 


* Sealed to MIL-R-22097 standard; withstands industrial 
cleaning processes. 


* 16 independent wiper contacts assure excellent setability. 


ra - Wiper assembly idles at both ends of travel eliminating 


the possibility of damage from forced adjustment. 3006W 


STANDARD RESISTANCES 


Part Numbers* 


Part Numbers* 


Resistance 


Resistance : 

(Ohms) 3006P Printed 3006W Printed ° (Ohms) 3006P Printed 3006W Printed 

Circuit Pins Circuit Pins Circuit Pins Circuit Pins 

10 3006P-1-100 3006W-2-100 10,000 3006P-1-103 3006W-1-103 

20 3006P-1-200 3006W-1-200 20,000 3006P-1-203 3006W-1-203 

50 3006P-1-500 3006W-1-500 50,000 3006P-1-503 3006W-1-503 

100 3006P-1-101 3006W-1-101 100,000 3006P-1-104 3006W-1-104 

200 3006P-1-201 3006W-1-201 200,000 3006P-1-204 3006W-1-204 

500 3006P-1-501 3006W-1-501 500,000 3006P-1-504 3006W-2-504 

1,000 3006P-1-102 3006W-1-102 1,006,000 3006P-1-105 3006W-1-105 

2,000 3006P-1-202 3006W-1-202 2,000,000 3006P-1-205 3006W-1-205 

§,000 3006P-1-502 3006W-1-502 
a a ee ae a ee 
SPECIAL RESISTANCES AVAILABLE FROM 10 TO 5,000,000 OHMS *The last three digits of the part number represent the resistance in standard 
i code. 
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SPECIFICATIONS 
ELECTRICAL CHARACTERISTICS 


Standard Resistance Range (see chart on front) .. 10 to 2, 000, 000 a 


Resistance Tolerance® ............:00- 10% standard, Bloser tolerances “available” - 
Absolute Minimum Resistance® .............. “a 0% or 1.0 ohm, v whichever i greater 
Continuity* .. Maintained for full mechanical range 
Insulation Resistance, 500 volts DC ooo ecsccccsssenes 100 megohms minimum 


Contact Resistance Variation, Maximum®....3 ohms or 3%, whichever is greater 


ROSOL RIM sccrsscccseese: 25: tec cacnasivesraaenacrereeeneetneiey ties ci antes sceceaey ee shai Infinite 


Setability (Voltage Divider) oo... 0.02% 


ENVIRONMENTAL CHARACTERISTICS 


~ ee 


Power Ratings: > 
70°C ... 0.75 watt 
125°C ... 0 watt 
Operating Temperature Range oe ccccecccccsecccscseecsceee, ae ie —55° to +125°C 
Temperature Coefficient ....scscccccsccccssescscsesesssssssssssaseeee SS 00_ppm7*c 
all Se maximum 

Humidity, MIL-STD-202, Method 106 ................. 20 megohms minimum insulation 
resistance after removal from chamber 

Seal .... Meets immersion requirements of MIL-R-22097 


206s 
0.1 millisecond maximum 


2.0% 


Vibration ... 
Contact Bounce .. 
Wiper Shift, Maximum .. 


Model 3006 TRIMPOT® Potentiometer 


Shock . 50Gs 

Contact Bounce. and ‘Wiper Shift .. Same as vibration 
HO Ac UOMO oss yp5asts cavetyandecdadcovayeCacssacccistes x chesstamsenseny 1,000 hours 0.75 watt at 70°C 
Mechanical Life oo... cesscceesccsssessmaceeceseceescesceeet. 200 cycles without discontinuity 


Dielectric Strength 
Room Conditions .. 


aa .. 1,000 volts AC 
80,000 feet (0.8” hg) .... 


250 volts AC 


PHYSICAL CHARACTERISTICS ae isi 
: t 
Saft TOrqQue ou... .cseecccsecscssccessscecsseeccencesseesssecseseeees soc oer 4 5.0 0z.-in. maximum 
Be AUR ES oases cesteremeetcecers ener ee Manufacturer's namer-wicing diagram, dé date 


code, resistance and manufacturer's p: part 
number (customer's part number optional) 


APPOAlaN® oa. ceseeccccecsocceseutsnesecsseeseesencss Legible markings, no physica! defects 
Mechanical Adjustment 2.00... secs cscscsccsesseseccssecccsccsteseeecccseeeees 15 turns nominal 
Mechanical Stops o.oo ..ccsscccccsssecssecssssessessesestessesssesseeseesse, Wiper assembly idies 
CIB sass Rest eee Ue occas cca seatsiagdeengte Approximately 0.1 oz. 
UNI OS rs Pataca ree cSincingelete. 3 Printed circuit pins 


“Inspection Note: 100% or statistical sampling inspection performed to insure 
highest quality. 


Specification Note: Closer performance tolerances can be supplied upon request. 


Specifications are subject to change without notice. 
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ELECTRICAL ADJUSTMENT 
095 DIA. WITH .025 WIDE x 
-031 DEEP SLOT 


-190 + .010-—4 _ 
-250 + ‘4 ' 


"185+ aint 
.035 TYP. - 
100 + .010- 


010 + .001 THK. PINS 


-095 DIA. WITH .025 WIDE x 
-031 DEEP SLOT 


-190 + .010—— — 
250 + -010 | ie ELECTRICAL ADJUSTMENT 
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c.c.W. OYWWWYWN-® C. W. 


CLOCKWISE 
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BOURNS 


BOURNS, INC., ELECTRONIC COMPONENTS OPERATIONS, TRIMPOT PRODUCTS DIVISION 


SPTUDARY Dr 


COLUMBIA AVENUE. RIVERSIDE. CALIFORNIA 92507 


US ICANADANETEO: S65 CRAMEIELD AN CAST VOR EORTC OreTAnery Cate 20a 


: 3250 


Q Commercial/Industrial . DIAMETER: 7%” 
TURNS: 10 


MOUNTING: Bushing 


Precision Wirewound 
Potentiometers 


FEATURES 


Low Cost Commercial/Industrial type 
Life: 500,000 shaft revolutions High impact plastic housing and rear lid 
Power: 2 watts at 20°C ; ; Gold-plated terminals 
Temperature range: —25°C to + 85°C .. ‘ Welded terminations : 


Slotted Stainless Steel Shaft 
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SERIES 3250 
e 


DUNCAN -ELECTRONICS, INC. 


4 


, 
s 2 & 
D si ; DIAMETER: 7;" 
UNCAN SERIES wha teed TURNS: Ji 
c MOUNTING: 
SPECIFICATIONS O 
Unless shown otherwise, specifications apply to all models of the Series 3250. 
ELECTRICAL fEnd resistance..............--.0.--. within finearity tolerance or 0.19 whichever Is greater 


Actual Electrical travel (-4- 10° —O°) ........cecsceeesesseseceecsesssectesenenenmenentaneenen 3600° Linearity, independent, tolerance, standard 
Normal resistance range 1002 to 100K(*) best practical 
Extended resistance range ...- 252 to 150K(?) Equivalent noise resistance, max. (ohms) 


Resistance tolerance, standard Insulation resistance at 500 VDC, min. (megohms) 
best practical ... Dielectric withstanding voltage (volts RMS) 
Power rating at 20°C derating to 0 at 85°C (watts—see chart) .......-. ne 2 Tota! applied voltage, max. (VOItS DC) (7) ........--.----sececsssermenesetenceeseeneneaterenenemnenesnses 


= 
2 ’ 
z 2 o — “4 
fo ei f + 
a * ———F _ ae 
£ 2 
43 \ wi 
o +010 
2 010 | L %-32 NEF-2A 4 
a 050 THREAD LOCATING LUG 
z 
wi 0 1c D3 
—10 O 20 40 60 80 100 120 cw MODEL 3253 
AMBIENT TEMPERATURE (°C) 2c Design details subject to change without notice. 
Certified Drawings available on request. 
apres : “ Tolerances unless otherwise specified: 
: Lock washer and hex + ” .005” Angular: +1 
nut supplied with each unit. Fractional; +1/64” Decimal: 5 8 
MECHANICAL TYPICAL COIL CHARACTERISTICS 
\ 
Total mechanical travel (-+-15° —O*) .._... BY, a ctnanrDiiveint = O00” FOR STOCKED RESISTANCES 
Mechanical life, shaft revolutions, normal conditions 500,000 
. THEORETICAL 4 
Cups, max. (number) RESISTAR.CE ¢ MACIMUR APPLIED VOLTAGE 
'OHI.IS) ictal (VOLTS DC) 
Moment of inertia, approx. (gm-cm*) ( NOMINAL (%) 
Weight (0z) 
Stop strength, stathc (O2-1N) <0... mann 100 ; -051 14 
Torque; Standard starting, max. (02.-in) ........... tice 200 ‘ 042 20 
Special (designated H.T.) (02-1) ..........csesssemeensnerenmmennernmmree dS HES 500 .036 32 
1K 025 45 
2K -023 63 
ENVIRONMENTAL - ° 
5K .021 100 
Tempersture TANB™, STANAALA ....mereccememesecrccscsessss-csesscenesonascsnsmpeese cc —25°C te +85°C 10K « 016 140 
Humidity and dust protection ...........-.. sovsuerseereeeeeen@nciosed construction 
Vibration She eae 10G to 2,000 cycles zor ey 08S 200 
SHOCK, Feces cc EM ccs Micador eet APR, a ceccoticietea ..50G 50K OL 316 
. 100K .008 447 
All resistances shown are manufactured with resistance wire with temperature 
TYPICAL SPECIAL FEATURES AVAILABLE coefficient of .002%/°C (20 ppm) nominal. 
Shaft Jock 
Any resistance within the range () All specifications tisted apply to units with a total resistance within the normal 


Flatted shaft resistance range. Higher or lower resistances may require some degradation of the 
i fisted specifications because of resistance wire composition or size. 
High Torque () Not to exceed specified power rating. ) 


DUNCAN ELECTRONICS 


SUBSIDIARY 


ewermmnt (oe + rmmMAtrnArc re 


‘* CTS SERIES 480 SERIES 480 @ 
LINEAR MOTION COMPOSITION . . 
e SLIDE CONTROL 


e2"SLIDER TRAVEL e ECONOMICAL 


e WIDE RESISTANCE RANGE e 1/4 TO 1/2 WATT POWER 


SERIES 480 c 


S3IYVIGISANS GNV NOILVYOdHOD S19 


/ 


S electrical and mechanical specifications 
Power Rating: Travel 
(Mounted on a metal panel) Mechanical slider travel - 2 inches. 
100% thru 10K®% at 55°C-1/2 watt Effective electrical " - 2 inches 
1Miik* thre TOOK" at Sa*c=1/3 Operating Force 
watt Either direction-1 1/2 to 6 1/2 ozs.. 
Above 100K" at 55°C - 1/4 watt Stop strength 
Voltage Rating: Max. 35 lbs. 
Across end terminals 
Linear curves -500 VDC Taps: 
Tapered curves-350 VDC None available 
Between case and end terminals .Terminals: . 7 
900 VAC : P.C. or wire wrap - formed 90° 
(Not to exceed wattage rating) ,» t&OM plane of slide, 


Length —- 33/64" FMS 


Resistance Range: 
100“ thru 10 Meg* 


Tapers: 
Resistance Tolerance: Std. = Lanéar 
Std. Special tapers available on request. 
100% thru 5 Meg* +30% On a tapered unit the gradual 
51 Meg™ thru 10 Meg +403 resistance portion is at the beginning 
ie Special ~ of slider movement away from the 
Available double terminal end. 


DATA SHEET 1480 


P 


aE 


CTS SERIES 480 


164 
+.002 


,O50 REF. | 1.530. i 
! + .003 
1.630, 


= .003 
SUGGESTED PIERCING FOR MOUNTING EARS ON 480 SERIES 


a | — 
32 64 z 
025 TYP, 
9 —— 133 . 
| i6 a 


TG. SURFACE 
f pore 


GENERAL TOLERANCES: Decimal dimensions +.005*. 
Frac! ai dimensions + 1/64". 


order from: 


CTS OF ELKHART 1142 w. Beardsley Ave./Elkhart, Indiana 


FAIRCHILD TRANSISTORS EN2219 + EN2222 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


SYMBOL CHARACTERISTICS MIN. MAX. UNITS TEST CONDITIONS 


Rethiey Real Part of Common-Emitter High-Frequency 60 2 Ic = 20 mA Veg = 20V 
Input Impedance (f = 300 MHz) 

BYVca9 Collector to Base Breakdown Voltage 60 Volts lo = 10 vA I; =0 

Veeo(sust) Collector to Emitter Sustaining Voltage (Notes 4 and 5) 30 Volts Ic = 10 mA I, =0 

BV ego Emitter to Base Breakdown Voltage 5.0 Volts I; = 10 pA I~ =0 


OTES: 

1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

{2) These are steady state timits. The factory should be consulted on applications involving pulsed or low duty cycle operation. 

(3) These ratings give a maximum junction temperature of 125°C and juncticn to case thermal! resistance of 143°C/Watt (derating factor of 7.0 mW/°C); junction to ambient thermal 
resistance of 286°C/Watt (derating factor of 3.5 mW/°C) for the EN2219. For the EN2222 junction to case thermal resistance of 200°C/Watt (derating factor af 5.0 mW/*C); 
junction to ambient thermal resistance of 500°C/Watt (derating factor of 2.0 mW/*C). 

(4) This rating refers to a high-current point where collectors to emitter voltage is lowest. For more information send for Fairchild Publication APP-4/2. 

(5) Pulse Conditions: length == 300 us; duty cycle <2%,. 


Fairchild cannot aceume racnnneihilitu far uce af any cirruitew daerrihad Na clemuit natant Ueanene aon lentind 


% 
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EN2219 - EN2222 
NPN GENERAL PURPOSE AMPLIFIERS AND SWITCHES 


DOUBLE DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTORS 
FOR TEST CIRCUITS ADDITIONAL DESIGN INFORMATION SEE FAIRCHILD 2N3299 DATA SHEET 


ELECTRICAL REPLACEMENTS FOR 2N2219 AND 2N2222 
HIGH GAIN - - h,, = 100-300 AT 150 mA 


hee = 35 (MIN) AT 100 nA 
Ree = 30 (MIN) AT 500 mA 


MEDIUM VOLTAGE - - LVc¢q == 30 V (MIN) 


e HIGH FREQUENCY - - f, = 250 MHz (MIN) AT 20 mA 


¢ LOW SATURATION VOLTAGE - - V,.,(sat) = 0.4 V(MAX) AT 150 mA 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
Maximum Temperatures 
Storage Temperature 
Operating Junction Temperature 
Lead Temperature (Soldering, 10 second time limit) 


Maximum Power Dissipation 


Tota! Dissipation at 25°C Case Temperature 
at 25°C Ambient Temperature (Notes 2 and 3) 


Maximum Voltages and Current 


Collector to Base Voltage 
Collector to Emitter Voltage 
Emitter to Base Voltage 
Collector Current 


(Notes 2 and 3) 


(Note 4) 


—~65°C to +125°C 
--65°C to +125°C 
260° Maximum 


EN2219 
0.7 Watt 
0.35 Watt 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


SYMBOL 


Vo,(sat) 


Veg (sat) 


Vo (sat) 


Voc (sat) 


hie 
f; 


CHARACTERISTICS 


DC Pulse Current Gain (Note 5) 
DC Pulse Current Gain (Note 5) 
DC Current Gain 
DC Current Gain 
DC Current Gain 
DC Pulse Current Gain (Note 5) 
Collector Saturation Voltage 
(pulsed, note 5) 
Collector Saturation Voltage 
(pulsed, note 5) 
Base Saturation Voltage 
(pulsed, note 5) 
Base Saturation Voltage 
(pulsed, note 5) 
High Frequency Current Gain{f == 100 MHz) 
Gain-Bandwidth Product (f = 100 MHz) 
Collector Cutoff Current 


leg 
ton (100°C) Collector Cutoff Current 


Emitter Cutoff Current 
Output Capacitance 


Additional Electrical Characteristics on page 2 


MIN, MAX. 


250 


UNITS 


I, = 150 mA 
I. = 150 mA 
Io = 10mA 

Io =1.0mA 
Io = 0.1 mA 
Io = 500 mA 
Iq = 150 mA 


Ic = 500 mA 
Ic = 150 mA 


to = 500 mA 


EN2222 
0.5 Watt 
0.2 Watt 


60 Volts 
30 Volts 
5.0 Volts 

800 mA 


TEST CONDITIONS 


Vop = 10V 
Veg = 1.0V 
Ver = 10V 
Veg = 10V 
Vee = 10V 
Veg = 10V 
1, = 15 mA 


1, = 50 mA 
Ip = 15 mA 
1, = 50 mA 
Veg = 20V 
Veg = 20V 
Veg = 50V 


Vg = 50V 
Veg = 3.0V 


Vcg = 10V 


313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 


COPYRIGHT FAIRCHILD SFMICONDIICTOR 1047 « POINTEN IN TIC A 


PHYSICAL DIMENSIONS. 


In accordance with 
JEDEC (TO-105) outhine 


COLLECTOR 


WOTES AU dimensions im inches 
Leads are gold olated hover 
Pochage wselectricaily Non: 
conductove maternal 
Package menght 1s 0 66 gram 


EN2219 


PHYSICAL DIMENSIONS 


In accordance with JEDEC (TO-106) outline 
222 


TES 


~ 100 Base 
050 +4 hg 7 tes No. 2 


Collector 
—LeadNo. 3 


Emitter 


NOTES: Au dimensions in inches 
All leads electescally ssolated from case 
Package weight +3 0 31 gram Package 
#8 electrically non conductive material 


EN2222 


*Planar is a patented Fairchild process. 
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SEMICONDUCTOR 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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RCA-2N2270 is a triple-diffused-junction planar tran- For Small Si nal and 
sistor of the silicon n-p-n type intended for a wide va- : ig 
riety of small-signal and medium-power applications in 
military and industrial equipment. It features except- A aes as H H 
a ee es ce pr fladium-Power Applications 
ionally low noise and leakage characteristics, and very 
low output capacitance. 
Maximum Ratings, Absolute-Maxinum Values: 
COLLECTOR-TO-BASE VOLTAGE: 
With emitter open. . .... . 60 max. volts 
COLLECTOR-TO-EMITTER VOLTAGE: 
With external Rep < 10 ohms. . 60 max. volts 
With base open... ... . .- 45 max. volts ; 
JEDE < 
EMITTER-TO-BASE VOLTAGE: ois 
With collector open. . ... . 7T max. volts 
COLLECTOR CURRENT. . . 2... Ll max. amp e minimum gain-bandwidth product = 60 Mc, 
TRANSISTOR DISSIPATION: useful in applications from dc to 20 He 
At case es to 25° C 5 max. watts ; 
temperatures above 25°C . ‘See Rating Chart e operation at high junction temperatures 
At pehiceeal tor 25° Gees = 2 1 max. watt — up to 200°C 
temperature J above 25° C . . .See Rating Chart 
TEMPERATURE RANGE: F Fi . 
Storage. ..-..- +--+ « «-65to+200 °C e planar construction — insures low noise 
Operating (Junction) . . .. .-65to+200 and low leakage characteristics 
LEAD TEMPERATURE: 
1/16" + 1/32" from case is 
or 10 sec. max. immersion . . 255 max. be 6 eee 4 low output capacitance 
Hd COMMON—EMITTER CIRCUIT, BASE INPUT. 
east He FREE—AIR eae (Tra)*25° C 
Ee ia aa] ; 
HE 
iz i! ? 
52 a 
=| 7 13 
FE 3 
33 nie : > 
& sSabe es 3 
” FeaeN EB ORE 
23 zit t 3 
Aine 3 
a : 8 
of ESA RII| 
-75 -50-25 O 25 SO Hi 100 125 a 175 aa o 4 6 8 
TEMPERATURE—°C COLLECTOR-TO-—EMITTER VOLTS vee} 
92CS-i72RI s2cs— 169 
Fig. 1 Rating Chart for Type 2N2270. Fig. 2 - Typical Collector Characteristics 


at 25° C for Type 2N2270. 


Information furnished by RCA is believed to be accurate and re- 
liable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third 
parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of RCA. 
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FILE NO. 24 


ELECTRICAL CHARACTERISTICS: 
At Case Temperature (Tc) of 25° C, unless otherwise specified. 


TEST CONDITIONS 


Col lector- 
to-Base 
Vol tage 


Vos 


<cm 


Characteristic 


Voltage 
YEB 


Collector-Cutoff Current: 
Te = 25° c 
= 150° ¢ 
Emitter-Cutoff Current 


OC Forward-Current 
Transfer Ratio 


Collector-to-Base BY 
Breakdown Voltage CBO 
Emitter-to-Base BY 
Breakdown Voltage EBO 
Collector-to-Emitter 
Sustaining Voltage 


Collector-to-Emitter 
Sustaining Yoltage with 
External Base-to-Emitter 


Resistance (Rae) =10 ohms 


Col lector-to-Emitter 
Saturation Voltage 

Base-to-Emitter 
Saturation Voltage 

Small-Signal Forward- 
Current Transfer Ratio: 
At frequency of 

I Ke 

20 Mc 

Noise Figures 
Generator resistance (Rg) 
= 1000 ohms, circuit band- 
width (BY) = 15 Ke, Input 
frequency (f) = | Ke 


Output Capacitance | cob | 
Input Capacitance | Cin | 


Thermal Resistance: 
A-¢ 
Os-FA 
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Junction-to-case 
Junction-to-free air 


* Pulse Test: Pulse duration, 300 psec; duty factor, 1.8%. 
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COLLECTOR MILLIAMPERES (Ic) 


s. 20 40 60 80 100 
COLLECTOR-TO-EMITTER VOLTS (Vc_) 


92CS~1N75 


Fig.3 - Typical Collector Characteristics 
at 25° C for Type 2N2270. 


COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (VcE)#I0 


220 


o 


TRANSFER RATIO (he 


ane 

Sesil= ere } 
eee eee: 
CHP CoA een 


0.01 to 100 1000 
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OC FORWARD-CURRENT TRANSFER RATIO (hee) 


coLLEcToR MiLLIAMPERES (I¢) COLLECTOR MILLIAMPERES (Te) 
92CS-IHeIRI Saceciiiti 
Fig.4- Typical DC-Forward-Current Trans fer- Fig.5 - Typical Small-Signal Forward-Current Trans - 
Ratio Characteristics for Type 2N2270. . fer-Ratio Characteristics for Type 2N2270. 


MON-EMiI R CIRCUIT, BASE INPUT. > 
FREE ~ AIR TEMPERATURE #25° C HE 
GENERATOR RESISTANC OHMS oes 


}-{ COLLECTOR CURRENT (I¢)=0 
| emitter CURRENT (I¢)=0 
deme AIR TEMPERATURE (Tra)*25° C 


i 


Q 
MEASUREMENT — a tell BANDWIDTH #15 KC 
+— P EEE LES vay TFs Se nessa: 
pizza Fae 
ol = 
Hy thane hoameassad 
8 # : 


ee nae me 
| | | OUTPUT TTT FOR VcR 
-0.) -10 


NOISE FIGURE '(NF)—db 
a 


_ 100 0 o2 04 06 08 ! 
"REVERSE—BIAS VOLTS ae oR Yoo) ae COLLECTOR MILLIAMPERES (Zc) ere 
Fig.6 - Typical Emitter-Transition-Capacitance and Fig.7- Typical AF-Noise-Figure Characteristics 
Output-Capacitance Characteristics for Type 2N2270. | for Type 2N2270. 
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DIMENSIONAL OUTLINE 
for Type 2N2270 
' JEDEC No. T0-5 


-370 MAX 
-335 MIN. 
DIA. 


+335 MAX. 
-305 MIN. 
DIA. 


4100 
=n, .260 MAX. 
a "240 MIN. 


SEATING PLANE 


1.5 
MIN. 
DETAILS OF OUT- 
LINE IN THIS 0 0 = é 
ZONE OPTIONAL 
3 LEADS 
.OI9 MAX. 
‘016 MIN, 
DIA. 
LEAD 
INSULATING 
EYELETS 
ane | 
JOO 
OUTSIDE -t 
CORNER 
RADII 


OO7 MAX. 
.034 MAX. 


ozs um: > ; 


045 MAX. 
029 MIN. 


@ INDEX TAB 92CS-12656 


TERMINAL DIAGRAM 
® . 


LEAD 1- EMITTER LEAD 3- COLLECTOR, CASE 
LEAD 2- BASE 
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DUAL 3-INPUT 3-OUTPUT 
“AND” SERIES TERMINATED 
: LINE DRIVER 


* MC3128F - MC3028F 
MC3128L - MC3028L,P 


CIRCUIT SCHEMATIC 
1/2 OF CIRCUIT SHOWN 


MTTL Ii! MC3100/3000 series MOTOROLA 


MAY 1971 


This device is a dual 3-input/3-output series-terminated 
AND line driver that minimizes switching transients on long 
lines by approximating line impedance. Two outputs are pro- 
vided through 75-ohm resistors for use when driving 93 to 
120-ohm lines. These outputs should be paralleled when driv- 
ing 50 to 93-ohm lines. In addition, an output is provided 
directly at the gate output node for driving adjacent gates. 


VA- 5 
2 
3 7 
WA 4 
WA-9 
12 8 
13 Pr 
10 


Positive Logic: 4,5,6,=1e2e3 
Negative Logic: 4,5,6,=1+2+3 


Input Loading Factor = 1 


Output Loading Factor, Direct Output (Pins 6 & 8) = 
8 minus the number of resistor-terminated outputs 
being used. 


Output Loading Factor, Resistors (Pins 4, 5, 9, & 10) = 1 


Total Power Dissipation = 56 mW typ/pkg 
Propagation Delay Time = 9.0 ns typ 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


ViHX 
942.5 Vde 


Coax 


950 + 1.0% 


PULSE 
GENERATOR 


PRF = 1.0 MHz typ 
PW = 50% Duty Cycle 
t+ =7.0ns 
t- = 7.0ns 


"Vcc 


280 


MMD6150 
or Equiv 


MMO07000 
or Equiv 


Cry = 25 pF = total parasitic capacitance, which includes probe, wiring, and load 


capacitances. 


The coax delays from input to scope and output to scope must be matched. 


The scope must be terminated in 50-ohm impedance. 


The 950-ohm resistor 


and the scope termination impedance constitute a 20:1 attenuator probe. Coax 


shall be CT-070-50 or equivalent. 


See General Information section for packaging. 


MC3128F, L © MC3028F, L, P 
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ARIZONA 85036 © A SUBSIDIARY OF MOTOROLA INC. 


Semiconductor Products Inc. 


PHOENIX. 


BOX 20912 e 


ROLA 


3552-21 PRINTED IN USA 4-71 IMPERIAL LITHO 822347 


(AA) MOTO 


DUAL 3-INPUT 3-OUTPUT MTTL Itt MC3100/3000 series MOTOROLA 
“NAND”’SERIES TERMINATED 
LINE DRIVER 


MC3129F - MC3029F MAY 1971 
MC3129L - MC3029L,P 


This device is a dual 3-input/3-output series-terminated 
NAND line driver that minimizes switching transients on long 
lines by approximating line impedance. Two outputs are pro- 
vided through 75-ohm resistors for use when driving 93 to 
120-ohm lines. These outputs should be paralleled when driv- 
ing 50 to 93-ohm lines. In addition, an output is provided 
directly at the gate output node for driving adjacent gates. 


CIRCUIT SCHEMATIC 
1/2 OF CIRCUIT SHOWN 


9 
11 
12 8 
13 

10 


Positive Logic: 4,5,6=1¢2¢3 
Negative Logic: 4,5,6=1+2+3 
Input Loading Factor = 1 


Output Loading Factor, Direct Output (Pins 6 and 8) = 
8 Minus The Number of Resistor-Terminated Outputs 
Being Used. 


Output Loading Factor, Resistors (Pins 4,5, 9 and 10) = 1 


Total Power Dissipation = 44 mW typ/pkg 
Propagation Delay Time = 6.0 ns typ 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


ViIHXx 
+2.5 Vde Vec 


Coax 


280 


950 + 1.0% tt tc 
7.0 ns 7.0 ns 
TPin —_ 
3.0V 
PULSE MM06150 TPin |asv = 
GENERATOR or Equiv a scm 
= ov 
PRF = 1.0 MHz typ tod - tpod+ 
PW = 50% Duty Cycle ~ MMD7000 _—— 
t+ =7.0ns or Equiv 22.4V 
t- =7.0ns TPout 15 V 
ace s0.4V 
Gnd 


Cy = 25 pF = total parasitic capacitance, which includes probe, wiring, and load 
Capacitances. 


The coax delays from input to scope and output to scope must be matched. 
The scope must be terminated in 50-ohm impedance. The 950-ohm resistor 
and the scope termination impedance constitute a 20:1 attenuator probe. Coax 
shall be CT-070-50 or equivalent. 


See General! Information section for packaging. 


MC3129F, L © MC3029F, L, P 
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SOILSIYALOIVYVHS 191193973 


iconductor Products Inc. 
ARIZONA 65036 @ A SUBSIDIARY OF MOTOROLA INC. 


BOX 20912 © PHOENIX. 


(i) more 


Os 9or7 a2 


5m 


3552-21 PRINTED IN LSA 4-71 IMPERIAL LITHO B2ZM7 


rN 
PHASE-FREQUENCY MTTL Complex Functions MOTOROLA (AA) 
DETECTOR 


MC4344F, L* OCTOBER 1970 
MC4044F, L, P* ; 


This device contains two digital phase detectors and a charge pump 
circuit which converts MTTL inputs to a dc voltage level for use in 
frequency discrimination and phase-locked-loop applications. 

The two phase detectors have common inputs. Phase-frequency de- 
tector 1 is locked in (indicated by both outputs high) when the negative 
transitions of the variable input (VI) and reference input (RI) are equal 
in frequency and phase. If the variable input is lower in frequency or 
fags in phase, the U1 (up) output goes tow; conversely the D1 (down) 
Output goes low when the variable input is higher in frequency or leads 
the reference input in phase. It is important to note that the duty cycles 
of the variable input and the reference input are not important since 
negative transitions control system operation. 

Phase detector 2, on the other hand, is locked in when the variable 
input phase lags the reference phase by 90° (indicated by the U2 and D2 
outputs alternately going low with equal pulse widths). If the variable 
input phase lags by more than 90°, U2 will remain low longer than 02, 
and, conversely, if the variable input phase lags the reference phase by 
less than 90°, D2 remains low longer. In this phase detector the variable 
input and the reference must have 50% duty cycles. 

The charge pump accepts the phase detector outputs (U1 or U2 


Vec =Pin14 
GND=Pin 7 


Input Loading Factor: Ri, Vl=3 7 : : 

4 . ious i applied to PU, and D1 or D2 applied to PD) and converts them to fixed 
Output Loading Factor (Pin 8) = 10 amplitude positive and negative pulses at the UF and DF outputs respec- 
Total Power Dissipation = 85 mW typ/pkg tively. These pulses are applied to a lag-lead active filter, which incorpo- 


rates external components, as well as the amplifier provided in the 
MC4344/4044 circuit. The filter provides a dc voltage proportional to 
the phase error. 


Propagation Delay Time = 9.0 ns typ 
(thru phase detector) 


PHASE DETECTOR 


The phase detector portion of this device is constructed using low 
and high-level gates interconnected as shown by the logic diagram. 


LOW-LEVEL “NAND” GATE HIGH-LEVEL “NAND” GATE 


H 
spe Pe 
: $1.2 k 


+ Diode used only t Diode used only 
when input is when input is 
connected to external point. connected to external point. 


CHARGE PUMP AMPLIFIER 


DF Output 


Ker A iA o8 
é se 


| : a 


°F suffix = TO-86 ceramic flat package (Case 607). 
L suffix = TO-116 ceramic dual in-line package (Case 632). 
P suffix = TO-116 olastic dual in-line narck ane (Caco RANKS 
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APPLICATIONS INFORMATION 


Figure 1 shows the MC4344/4044 in a phase-locked loop with 
the following features: 

1. Zero phase error between the reference frequency and the 

output of the divide-by-N feedback, achieved because phase- 

FIGURE 1 — PHASE-LOCKED, frequency detector 1 locks negative edges in the system; 
FREQUENCY SYNTHESIZER LOOP 2. Adjustable channel spacing, achieved by changing the pre- 

scaling factor (+ P) when generating the reference frequency; 
3. Digitally programmed tuning of the output, in multiples of 

the reference frequency, accomplished by changing N in the 

divide-by-N chain in the feedback loop. 


MC4344/4044° 


Prescaler 
(+P) 


Crystal 
Oscillator 


Phase- 
Freq 
Detector 
1 


Voltage 
Controlled 
Multivibrator 
MC4324/4024 


f 


out 


*The resistors, capacitor, and FET 
areexternal to the MC4344/4044. 
Values of R1,R2, R3, and C1 are 
determined by operating frequen- 
cy of interest. 


2N5457 
or Equiv 


_ 14V =n 
'pss Programmable 
Counter 
MC4316/4016 
MC4318/4018 


Figure 2 shows phase detector 2 of the MC4344/4044, which 
Operates as a correlation detector, used in a phase-locked loop. 
There are two differences between this system and that shown in 
Figure 1. First, the VCM output, when locked in, lags the reference FIGURE 2 — PHASE-LOCKED, 
by 90°. Second, since the correlation detector integrates the prod- CORRELATION DETECTOR LOOP 
uct of its two inputs over each cycle, it can handle signals in a 
high-noise environment. This loop is sensitive to harmonics, there- 
fore care must be taken to limit the frequency range of the VCM. 


MC4344/4044* 


Note: Noise in this system is 
the jitter of each pulse 
around its center. 


Phase- 
Freq 
Detector 
2 


Voltage f 
“The resistors, capacitor, and FET Controlled out 
areexternal to the MC4344/4044. 2N5457 Multivibrator 
Values of R1,R2, R3, and C1 are or Equiv MC4324/4024 


determined by operating frequen- 
cy of interest. 


+N 
Programmable 
Counter 
MC4316/4016 
MC4318/4018 
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APPLICATIONS INFORMATION (continued) 


Figure 3 depicts the MC4344/4044 in a system used to generate 
a slave clock pulse with its negative edge locked to the negative 
edge of the master clock, but with adjustable pulse width. The 
FIGURE 3 — SLAVE CLOCK pulse width of the slave clock pulse is controlled only by the mono- 

PULSE GENERATOR stable multivibrator, which is triggered from the negative edge of 
an input pulse. 

The slave clock application is useful when the clock from a 
master computer must be slaved to that of a satellite. 
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(Set by Monostable 
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DUAL : 
VOLTAGE-CONTROLLED MTTL Complex Functions MOTOROLA AA 


° MULTIVIBRATOR 


MC4324F, L* OCTOBER 1971 
MC4024F,L, P* 


The MC4324/4024 voltage-controlled multivibrator 
provides appropriate level shifting to produce an out- 
put compatible with MTTL logic levels. Frequency 
control is accomplished through the use of voltage- 
variable current sources which control the slew rate 

P 5 of a single capacitor. Variation of the output frequency 
4t over a 3.5 to 1 range is possible with an input de con- 
if at trol voltage of +1.0 to +5.0 volts. 
Voltage-controlled multivibrators are used in phase- 
locked loops for digital frequency control. They may 
Se 8 also be used for some types of A to D converters. 


2c vVCM 


Vec: VCM = 1, 13 
Output Buffer = 14 

GND: VCM=5,9 
Output Buffer = 7 


External! Capacitor for 
Frequency Range Determination 


Output Loading Factor = 7 


Power Dissipation = 150 mW typ/pkg 
Maximum Operating Frequency = 30 MHz typ 


CIRCUIT SCHEMATIC 


1/2 OF CIRCUIT SHOWN 


(Numbers in brackets are pin numbers for other half.) 


214 
Vec 
{Output 
Buffer) 
4k 1.4k 100 
Control 
Input | re Ky 
: 200 
.. 
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—o 6 [8] 


Output 
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aaah ; 


GND 
(Output Buffer) 


°F suffix = TO-86 ceramic flat package (Case 607). 
L suffix = TO-116 ceramic dual in-line package (Case 632). 
P suffix = TO-116 plastic dual in-line package (Case 605). 


ELECTRICAL CHARACTERISTICS 


TEST CURRENT/VOLTAGE VALUES 


torr] torz|ion| vin | vec _| vec | voon 


j -se[se [riz |e [50 [50 [4s [5 | 


@ Tost 
Temperature 


Pi MC4324 Test Limits MC4024 Test Limits 
Test [Min [ Max] Min [| Max] Min] ox [ Min [ Max | Min | Max | Min [ Max 


100 — | 100 100 100 100 
100 — | 100 100 100 100 100 


Input 
Forward Current 


Output 
Output Voltage 


1,3,14 
11,13,14 


Power Requirements 
(Total Device) 
Power Supply Drain 


- AC TEST CIRCUIT AND WAVEFORMS 


dé [ Coax 
! 1/4 MC3000 TP ——-2V0H 
or Equiv out <0.4V 
GND 
—o [- 
(de) 
Tt Coax shall be CT-070-50 or equivalent. 


Cr = 25 pF = total parasitic capacitance, which 
includes probe, wiring, and load capacitances. 
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AC TEST LIMITS 


LIMITS 
TEST SYMBOL CONDITIONS 4 
Min 
Maximum Operating Frequency fmax Ccontro! = 10 PF, Vin = 5.0 Vde 
Frequency Ratio = 3.5:1 


25 MHz 
fhigh | Ccontrol = 100 pF, Vin high = 5.0 Vdc, 
flow Vin low = 1.0 Vde 


Ratio of Frequency of 
Oscillation over Specified 
Input Voltage Range 


FIGURE 1 — INPUT VOLTAGE versus OUTPUT FREQUENCY 


OPERATING CHARACTERISTICS (15 pF FEEDBACK CAPACITOR) 


The operating frequency range of this multivibrator is controlled 
by the value of an external capacitor that is connected between X1 
and X2. Either of the two equations shown below may be used to 
define the value of Cceontrol: 


500 100 
Ceontrol = ; HF, °F — Ccontrol = 7 
‘max 


uF, 
min 


with f given in Hz. The maximum operating frequency of this device 
is typically 30 MHz. 

Three power supply and three ground connections are provided 
in this circuit. Each multivibrator has a separate power supply and 
ground connection. The output buffers have a common power 
supply and ground pin. This provides isolation between VCM's 
and minimizes the effect of output buffer transients on the multi- 
vibrators in critical applications. This separation of power supply 
and ground lines also provides the capability of disabling one VCM 
by disconnecting its Vcc pin. All grounds must always be con- 
nected to insure substrate grounding and proper isolation. 

The output buffer transforms the logic levels of the VCM to 


Vins INPUT VOLTAGE (VOLTS) 


MTTL logic levels. 


FIGURE 2 — {NPUT VOLTAGE versus OUTPUT FREQUENCY 
(100 pF FEEDBACK CAPACITOR) 
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four. OUTPUT FREQUENCY (MHz) 


four, OUTPUT FREQUENCY (MHz) 


FIGURE 3 — INPUT VOLTAGE versus OUTPUT FREQUENCY 
(430 pF FEEDBACK CAPACITOR} 


Vin. INPUT VOLTAGE (VOLTS) 


four) OUTPUT FREQUENCY (MHz) 
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APPLICATIONS INFORMATION 


The basic frequency synthesizer loop shown in Figure 4 
consists of five basic components: the reference oscillator, 
the phase detector, the low-pass filter, the voltage controlled 
multivibrator/oscillator, and the divide by N counter. 

This loop achieves a stable state when fycyy = N fref. 
When this condition does not exist the VCM searches 
through its frequency spectrum until it finds the frequency 
at which the stable state occurs. At this point the loop 
locks. This system allows the generation of many discrete 
frequencies from a single, highly stable source (fref). A 
system such as this has many useful applications in com- 
munications (frequency control systems), computer systems 
(for synchronizing data tracks and clocking systems), in 
instruments (frequency synthesizers and counters) and 
filter networks. 

In addition to its function in the phase-locked loop, the 
VCM may be used as a fixed oscillator (plug crystal into 
Capacitor pins and ground control input), in simple A to D 
converter systems, and as an FM modulator. 


FIGURE 4 — PHASE-LOCKED, FREQUENCY SYNTHESIZER LOOP 
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GENERAL DESCRIPTION — The A710 is a differential voltage comparator intended for 
applications requiring high accuracy and fast response times. 
silicon chip using the Fairchild Planar epitaxial process. 
threshold Schmitt trigger, a pulse height discriminator, a voltage comparator in high-speed j 


A-D converters, a memory sense amplifier or a high-noise immunity line receiver. 
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of the comparator is compatible with all integrated logic forms. 


ABSOLUTE MAXIMUM RATINGS 


Positive Supply Voltage 

Negative Supply Voltage 

Peak Output Current 

Differential Input Voltage 

Input Voltage 

Internal Power Dissipation 
TO-5 (Note 1) 


Flat Package (Note 2) 
Operating Temperature Range 


Storage Temperature Range 
Lead Temperature (Soldering, 60 sec.) 


TO—5 CONNECTION DIAGRAM 
(TOP VIEW) 
we 


NON INVERTING 
INPUT 


Pin 4 connected to case 


Note: 
FLAT PACKAGE CONNECTION DIAGRAM 
! (TOP VIEW) 


Gro c— 


NON INVERTING 
INPUT 


| 313 FAIRCHILD DRIVE, Mus 


SVAN VIEW, 


CALIFORNIA, (415) 262-50) 


+14.0 V 
-71.0 V 
10 mA 
+5.0 V 
+7.0V 


300 mW 


200 mW 
~55°C to +125°C 


-65°C to +150°C 
300°C 


SCHEMATIC DIAGRAM 


It is constructed on a single 


The output | - 47 
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LECTRICAL CHARACTERISTICS (T, = 25°C, v* = 12.0V, V = -6.0V unless otherwise specified) 


Parameter (see definitions) Conditions Min, Typ. Max. Units 


Input Offset Voltage far = +1.4V, Ry < 2002 
Input Offset Current Y oat = 41.4V 

Input Bias Current 

Voltage Gain 

Output Resistance 

Response Time (Note 3) 

Input Voltage Range Vv = -7.0V 

Differential Input Voltage Range 

Positive Output Level Vin > 15mV, 0< I, <0.5mA 
Negative Output Level Vin > 15mvV 

Output Sink Current Vin > 15mvV, Visat >0 


Positive Supply Current Vad <0 
Negative Supply Current 
Power Consumption 

TO-5 Package 


Flat Package 


The following specifications apply for -55°C < Ta <+125°C: 


Input Offset Voltage (Note 4) — Rg < 2002 
Input Offset Current (Note 4) 
Input Bias Current 


Temperature Coefficient of Input 
Offset Voltage (Note 4) 


Voltage Gain 


NOTES: 
(1) Rating applies for case temperatures to +125°C; derate linearly at 5.6 mW/°C for ambient temperatures above +105°C. 
(2) Derate linearly at 4.4 mW/°C for case temperatures above +115°C; derate nearly at 3.3 mW/°C for ambient temperatures above +100°C. 
(3) The response time specified (see definitions) is for a 100-mV input step with 5-mV overdrive. 
(4) The input offset voltage (see definitions) is specified for a logic threshold voltage of 1.8 V at -55°C, 1.4V at +25°C and 1.0V at +125°C. 
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DEFINITIONS 


LOGIC THRESHOLD VOLTAGE - The approximate voltage at the output of the comparator at whichthe loading logic circuitry changes 
its digital state. 


INPUT OFFSET VOLTAGE - The voltage between the input terminals when the output is at the logic threshold voltage, The input 


offset voltage may also be defined for the case where two equal resistances are inserted in series with the input leads, 

INPUT OFFSET CURRENT - Thedifference inthe currents into thetwo input terminals withthe output at the logic threshold voltage, 
INPUT BIAS CURRENT - The average of the two input currents, 

INPUT VOLTAGE RANGE - Therange of voltage on the input terminals for which the comparator will operate within specifications, 


DIFFERENTIALINPUT VOLTAGE RANGE - The range of voltage between the input terminals for which operation within specifications 


is assured, 


VOLTAGE GAIN - The ratio of the change in output voltage to the change in voltage between the input terminals producing it with 
the DC output level in the vicinity of the logic threshold voltage. 


RESPONSE TIME - The interval between the application of an input step function and the time when the output crosses the logic 


threshold voltage. The input step drives the comparator from some initial, saturated input voltage to an input level just barely in 


excess of that required to bring the output from saturation to the logic threshold voltage. This excess is referred to asthe voltage 


overdrive, 


POSITIVE OUTPUT LEVEL - The DC output voltage in the positive direction with the input voltage equal to or greater than a 


minimum specified amount. 


NEGATIVE OUTPUT LEVEL - The DC output voltage in the negative direction with the input voltage equal to or greater than a 


minimum specified amount. 
OUTPUT SINK CURRENT - The maximum negative current that can be delivered by the comparator. 
PEAK OUTPUT CURRENT - The maximum current that may flow into the output load without causing damage to the comparator, 


OUTPUT RESISTANCE - The resistance seen looking into the output terminal withthe DC output level at the logic threshold voltage. 
POWER CONSUMPTION - The DC power into the amplifier with no output load, The DC power will vary with signal level, but is 


specified as a maximum for the entire range of input-signal conditions. 
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GENERAL DESCRIPTION - The pAT711 is a dual, differential voltagecomparator intended 


primarily for core-memory sense amplifier applications, The device features high accuracy, i PHYSICAL DIMENSIONS 


fast response times, large input voltage range, low power consumption and compatibility with (in accordance with JEDEC TO—100} 


370 


practically all integrated logic forms. When used as a sense amplifier, the threshold voltage 
can be adjusted over a wide range, almost independent of the integrated circuit characteristics, 
Independent strobing of each comparator channel is provided, and pulse stretching on the out- 
put is easily accomplished. Other applications of the dual comparator include a window dis- 
criminator in pulse height detectors and a double-ended limit detector for automatic Go/No-go 
test equipment, The pAT11, which is similar to the » A710 differential comparator, is con- 
structed on a 40-mil square silicon chip using the Fairchild Planar epitaxial process. 
ABSOLUTE MAXIMUM RATINGS 


Positive Supply Voltage 414.0 V 
Negative Supply Voltage -1.0V 
Peak Output Current 50 mA 
Differential Input Voltage +5.0 V 
Input Voltage 47.0 V 
Strobe Voltage 0 to +6.0 V 

. Internal Power Dissipation (Note 1) 300 mW — ie wegen ee 
Operating Temperature Range -55°C to +125°C ORDER PART NO. 
Storage Temperature Range . -65°C to +150°C U5F771131% 
Lead Temperature (Soldering, 60 sec.) 300°C 


SCHEMATIC DIAGRAM STROBE 1 © STROBE 2 TO-5 CONNECTION 
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Notes on page 2 - ” Planar is a patented Fairchild process. 
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| FAIRCHILD LINEAR INTEGRATED CIRCUITS pA711 | 


t ELECTRICAL CHARACTERISTICS (T, = 25°C, v* = 12.0 V, V_ = -6.0 V unless otherwise specified) 


A 

Parameter (see definitions) Conditions Min. Typ. Mex. Units 
Input Offset Voltage Vat = +14V, Rg < 2002, Vom = 0 1.0 3.5 mvV 

Vout = +14, Re < 2002 1.0 5.0 mV 
Input Offset Current es 14V ‘ 0.5 10.0 vA 
Input Bias Current 25 75 LA 
Voltage Gain 750 1500 
Response Time (Note 2) 40 ns 
Strobe Release Time 12 ns 
Input Voltage Range Vo = -7.0V + 5.0 a‘ 
Differential Input Voltage Range +5.0 Vv 
Output Resistance : 200 2 
Positive Output Level Vin > 10 mv 4.5 5.0 Vv 
Loaded Positive Output Level Vin > 10 mV, Ip =5mA 2.5 3.5 Vv 
Negative Output Level ; Vin 2710 mv -1.0 -0.5 Vv 
Strobed Output Level Yeon w ; -1.0 v 
Output Sink Current Vin 2710 mv, Vout 279 0.5 0.8 mA 
Strobe Current V leohe =100 mV 152 2.5 mA 
Positive Supply Current Vout <0 8.6 mA 
Negative Supply Current 3.9 mA 
Power Consumption 130 200 mW 
The following specifications apply for -55°C < Ta <+125°C: 
Input Offset Voltage (Note 3) Rg <2002, Vom = 0 4.5 mV 

Rg <2002 6.0 mV 
Input Offset Current (Note 3) 20 pA 
Input Bias Current 150 pA 
Temperature Coefficient of Input Offset 

Voltage 5.0 pv/°C 

Voltage Gain . $ 500 


NOTES: 


(1) Rating applies*for case temperatures to +125°C; derate linearly at 5.6 mW/°C for ambient temperatures above 105°C. 
(2) The response time specified (see definitions) is for a 100-mV input step with 5-mV overdrive. 
(3) The input offset voltage (see definitions) is specified for a logic threshold voltage of 1,8V at -55°C, 1.4V at +25°C and L.OV at +125°C. 
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VOLTAGE GAIN 
VOLTAGE GAIN 


INPUT VOLTAGE - mW POSITIVE SUPPLY VOLTAGE - V 


STROBE RELEASE TIME 
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DEFINITIONS 


LOGIC THRESHOLD VOLTAGE - The approximate voltage at the output of the comparator at which the loading logic circuitry changes 
its digital state. 


INPUT OFFSET VOLTAGE® - The voltage between the input terminals when the output is at the logic threshold voltage. The input 


offset voltage may also be defined for the case where two equal resistances are inserted in series with the input leads, 


INPUT OFFSET CURRENT* - Thedifference inthe currents into thetwo input terminals with the output at the logic threshold voltage. 


INPUT BIAS CURRENT® - The average of the two input currents. F 
INPUT VOLTAGE RANGE® - The range of voltage on the input terminals for which the comparator will operate within specifications. 
DIFFERENTIAL INPUT VOLTAGE RANGE? - The range of voltage between the input terminals for which operation within specifications 
is assured, 


VOLTAGE GAIN? - The ratio of the change in output voltage to the change in voltage between the input terminals producing it with 
the DC output level in the vicinity of the logic threshold voltage. 


RESPONSE TIME* - The interval between the application of an input step function and the time when the output crosses the logic 
threshold voltage. The input step drives the comparator from some initial, saturated input voltage to an input level just barely ‘in 
excess of that required to bring the output from saturation to the logic threshold voltage. This excess is referred to as the voltage 


overdrive, 


STROBE RELEASE TIME* - The time required for the output to rise to the logic threshold voltage after the strobe terminal has 


been driven from the zero to the one logic level. Appropriate input conditions are assumed, 


POSITIVE OUTPUT LEVEL* - The DC output voltage in the positive direction with the input voltage equal to or greater than a 


minimum specified amount. 


NEGATIVE OUTPUT LEVEL* - The DC output voltage in the negative direction with the input voltage equal to or greater than a 


minimum specified amount, 

OUTPUT SINK CURRENT - The maximum negative current that can be delivered by the comparator. 

PEAK OUTPUT CURRENT - The maximum current that may flow into the output load without causing damage to the comparator. 
OUTPUT RESISTANCE* - The resistance seen looking into the output terminal withthe DC output level at the logic threshold voltage, 


STROBED OUTPUT LEVEL* - The DC output voltage, independent of input voltage, withthe voltage on the strobe terminal equal to 


or less than a minimum specified amount, 7 
STROBE CURRENT - The maximum current drawn by the strobe terminal when it is at the zero logic level, 


POWER CONSUMPTION - The DC power into the amplifier with no output load. The DC power will vary with signal level, but is 


specified as a maximum for the entire range of input-signal conditions. 


*These definitions apply for either side with the other disabled with the strobe. 
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Description: The 9602 Dual Monostable Multivibrator is 
functionally, electrically and pin for pin an equivalent 
to the Fairchild 9602. It is available in the Silicone 
Plastic and Hermetic Dual In-Line Package. The 
Am 2602 is a pin for pin replacement for the 9602 with 
improved switching characteristics and a guaranteed 
pulse width change of less than 0.6% over the tem- 
perature range 0°C to +75°C. 


FUNCTIONAL DESCRIPTION 


The Am 2602 and 9602 are dual DC level sensitive resettable 
retriggerable monostable multivibrators which provide an out- 
put pulse whose duration and accuracy depend on external 
timing components. 


Provision is made for triggering on the rising or falling edge 
of an input signal. All inputs are DC coupled making trigger- 
ing independent of input rise and fall times. Each time the 
output from the OR trigger gate goes from a FALSE (LOW) to 
TRUE (HIGH) condition triggering occurs independent of the 
state of the monostable. 


The direct clear facility allows a timing cycle to be terminated 
at any time during the cycle. A LOW signal on the C, input 
resets the monostable independent of other conditions. 


HAMILTON 


ELE CTROSSALES” 
1400 WEST ASth AVE. 
PDENVE RYCOLONB0211 , 


"(303)'433-8551 


Am2602/9602 


Dual Retriggerable Resettable Monostable Multivibrator 


Advanced Micro Devices 
Complex Digital Integrated Circuits 


Distinctive Characteristics: 100% Reliability Assurance 
Testing including high temperature bake, temperature 
cycling, centrifuge and package hermeticity testing in 
compliance with MIL STD 883. 

Mixing privileges for obtaining price discounts. Refer 
to price list. 

Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


LOGIC DIAGRAM 


Vcc = Pin 16 
God. = Pin’ 


CONNECTION DIAGRAM 
Top View 


MONOSTABLE 1 C x 


PHYSICAL DIMENSIONS 
Dual In-Line 


Hermetic 


Silicone Plastic 


NOTES: (1) All dimensions in inches. 
(2) Leads are intended for insertion in hole rows on .300” 
centers and are misaligned {.375) to facilitate insertion. 
(3) Pin 1 is marked for orientation. 


| 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


? 
Storage Temperature —65°C to +150°¢ 
Temperature (Ambient) Under Bias —55°C to +125°C 4 
Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5 V to 47 y * 


DC Voltage Applied to Outputs for High Output State : =05 Vig ee 
C Input Voltage ~05Vi0 ee 
utput Current, Into Outputs a, 
N 


DC input Current ote 1 


ELECTRICAL CHARACTERISTICS AM26028DEA/u7B960259X_T,=0°C to +75°C 


AM2602AAEA/U7B960251X T,=—55°C to +1250¢ (Note 2) 
LIMITS 


—55°C 0°c +25°C +75°C +125°C 
Min Max Min Max Min Typ Max Min Max Min Max Units 


DC Characteristics (Notes 3, 4) 


Parameters Part No. Test Conditions 


UPBSOORSIR | Vecu = 4.5 V, toy = 1x1 = —0.96 mA 
soe Veer = 4.75 V, lo, =16xl, = —0.96 mA 


AM2602AAEA| Voc, = 5.5V, Io, = 8Xl, = 12.8 mA 
U7B960251X | Veg, = 4.5 V, Io, = 8xl, = 9.92 mA 


AM2602BDEA| Voc, = 5.25 V, Io, = 8xl, = 12.8 mA 
U7B960259X | Voc, = 4.75 V, lo, = 8xl, = 11.3 mA 


AM2602AAEA| Vic, = 5.5 V 


So 

Le] 

= 

=~ 

o 
< 
g S 
z z 


Output LOW 
Voltage 


Vv, 


IH U7B960251X Veco. = 4.5 V 
Input HIGH 4 
Voltage M2602BDEA Vocn = 5.25 V 
U7B960259X Vee. = 4.75 V 


AM2602AAEA 
U7B960251X 


AM2602BDEA 
U7B960259X 


Vecy = 5.5 Vv 
Vee, = 4.5V 
Vecn = 5.25 V 
Veo, = 4.75 V 


Vie 
Input LOW 
Voltage 


AM2602AAEA|Vecy=5.5V y _ gay —1.10-1.60 gE) 
U7B960251X |Voq =4.5V FO —0.97 -1.24 
AM2602BDEA] Vecy = 5.25V y _ 4 45V —1,00—1.60 
U7B960259X |V.,(, = 4.75V fF —0.90~1.41 


AM2602AAEA 

u7B960251x | “CCH =5:5V, Va=4.5V 
AM2602BDEA 

U7B960259x | Vcc = 5.25V, Vp = 4.5V 


AM2602AAEA 
U7B960251X 
AM2602BDEA 
U7B960259x 


15 60 
15 60 


He 


Veco = 5.0V, Vi = 1.0V 


Veo = 5.0V, Vo =1.0V 

AM2602AAEA] y__ 55 GND Pins 5 and 11 
cc ™ 

U7B960251X Ry = 10k2 


AM2602BDEA| y__ _ 5 95 y GND Pins 5 and 11 
U7B960259x | °C Ry = 10k2 
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Se gas fi Am2602 9602 
Switching Characteristics 425°C +25°C Units 
Parameters Test Conditions Min Typ Max Min Typ Max 


25 
25 40 
45 65 


27 «45 
27 40 
50 = =70 


tog Turn Off Delay Negative Trigger tnput to True Output 


Voc = 5.0 V, C, = 15 pF 
Ry = 5kQ, C, = 0 pF 


Turn On Delay Negative Trigger Input to False Output 
Minimum True Output Pulse Width 


Veo = 5.0 V, C, = 15 pF 
Ry = 10k®, C, = 1000 pF 


t Pulse Width 3.08 3.42 3.76 


Timing Resistor over temperature range (Note 5) 
Am2602 


Maximum change in Pulse Width True Output 
over temperature range 0°C to +75°C 


Vec = 5.0 V, G, = 15 pF 
Ry = 10k2, C, = 1000 pF 


Note 1. Maximum current defined by DC Input Voltage. 
2: Avcinteal Characteristics for the Silicone Plastic DIP suffixed EB or prefixed U6M are identical to the Hermetic DIP suffixed EA or prefixed U7B. 
3. Pulse tested. 
4. Tests are conducted with a 10kQ resistor placed between Pin 2 (14) and Vcc unless otherwise noted. 
5. Maximum permissible Rx when used below 0°C is 25k2. 


OPERATION RULES 


1, An external resistor R, and an externa! capacitor C, are required as shown in the logic diagram. The values of R, may vary from 5.0 k@ to $0 ke for 
AM 2602 BDEA/U7B960259X and 5.0 kf to 25 k2 for AM 2602 AAEA/U7B960251X. C, may vary from 0 to any value necessary and obtainable, 


2. Ia fixed value of R, is used, the following values are recommended: R, = 30 k® for AM 2602 BDEA/U7B960259X: R, = 10 kQ for os 


AM 2602 AAEA/U7B960251X . 4 
3. The output pulse width T is defined as follows: 


T = 0.32 R,C, [1 + fy (For C, greater than 103 pF) 
x 


Where: Ry, is In kQ, Cy, is in pF, T is in ns. 


For C,<103 pF see Fig. 2. 


4. If electrolytic type capacitors are to be used, the following two arrangements are recommended: 


R < 0.6 R, (Max) , m 


This circuit also allows larger value of 
R to be used for longer output pulse width. 


D,: any silicon 
type diode, such to 


as FD700 


fy 0, 


PIN D (18) PIN 2 (14) PIN 1 (16) PIN2 (14) 


R < Ry (0.7) (h,-Q,) 
R, (min) < Ry < Ry (max) 
Q,: Any NPN silicon device with 


sufficient h,, at low currents, 
such as 2N2511 


Both circuits prevent reverse voltage across C,. The pulse width T for the circuits is defined as follows: 


T 20.36 AC, [1 + a) Where: Ris in kQ, CC, is in pF, T is in ns. 


5. To obtain variable pulse width, by remote trimming, the following circuit is recommended: 


Ry 2 Ay (MIN) 
pin 13 


AS CLOSE AS POSSIBLE TO DEVICE 
iive—tt Ni ee estas Sas in 


6. Under any operating condition, C, and R, (min) must be kept as close to t 
7. tnput Trigger Pulse Rules. t,t, t,t, > 40 ns 


RS Ry (MAXI Ry 


my 


— je 
inpuT 25V-—— 26 
ov ——| "5 | 3 
Q OUTPUT Sf fw 


8. The retriggerable pulse width is calculated as shown below: 


Input to Pin 5 (11) 
Pin 4 (12) = LOW 
Pin 3 (13) = HIGH 


t= th, + ty, = 0.32 R,C, (1+ Bi, ) * ta 


he circuit as possible to minimize stray capacitance and reduce noise Pickup. 


wor = 
- — —Isv = 
ov | 
ti); = =|d— 


a oureur —f-15v sey 


Input to Pin 4 (12) 
Pin 5 (11) = HIGH 
Pin 3 (13) = HIGH 


0.7 The retrigger pulse width is equal to the pulse width te plus a delay time. 
For pulse widths greater than 500ns, t, can be approximated as tou 


NOTE: Retriggering will not occur if the retrigger pulse comes within .32 R,C, (2 ) ns after the initial trigger pulse. 
x 


R 


9. Reset Operation — The Am 2600/9600 have an active LOW reset facility. By applying a low to the reset input, any timing cycle can be terminated 
or any new cycle inhibited until the low reset input is removed. Trigger inputs will not produce spikes in the output when the reset is held tow. 


DEFINITION OF TERMS 


SUBSCRIPT TERMS: 


F Forward, applying to LOW inputs. 


H HIGH, applying to a HIGH logic level or when used with Vec 
to indicate high V¢_ value. 


1 Input. 


L LOW, applying to LOW logic level or when used with Vec to 
indicate low Ve value. 


O Output. 
R_ Reverse, applying to HIGH inputs. 


OPERATIONAL TERMS: 


|; Forward input load current, for unit input load. 

lo4 Output HIGH current, forced out of output in Vo), test. 
Io, Output LOW current, forced into the output in Voy test. 
I, Reverse input load current with Ve applied to input. 
Negative Current Current flowing out of the device. 


Pyiss The power dissipated within the circuit with input and output 
terminals open. 
Positive Current Current flowing into the device. 

Vin Minimum logic HIGH input voltage. Refer to figure 4. 

V,, Maximum logic LOW input voltage. Refer to figure 4. 


Vou Minimum logic HIGH output voltage with output HIGH 
current I, flowing out of output. 


Vo, Maximum logic LOW output voltage with output LOW current 
lo, into output. 


V, Forward LOW input voltage, for forward input current (I,) test. 
V, ‘Input reverse HIGH voltage applied for input leakage current, 
(1p) test. 


FUNCTIONAL TERMS: 4 


C, The asynchronous direct clear input. A LOW on this input ‘| 
resets the monostable independent of other conditions. 

Fan-Out The logic HIGH or LOW output drive capability in terms 
of Input Unit Loads. 

th The active LOW input of the monostables. With input 1, LOW @ 
HIGH to LOW transition on |, will cause triggering. 

1, The active HIGH input of the monostables. With |, HiGHa LOW 
to HIGH transition on |, will cause triggering. 

Input Unit Load One T?L gate input load. In the HIGH state it is | 
equal to I, and in the LOW state it is equal to I,. ; 
Q The TRUE output of the monostables. 

Q@ The FALSE output of the monostables. 

Triggering The switching of the monostable from the stable state 4 
to the unstable state and start of the timing cycle. 


SWITCHING TERMS: es 
tha; The propagation delay from a HIGH to LOW transition on bi 
to the true (Q) output LOW to HIGH transition. e 
ta The propagation delay from a HIGH to LOW transition oh 
to the false (Q) output HIGH to LOW transition. 

t,.{min) The minimum true (Q) output pulse width with Ry = 5h 
Cy, = 0 pF. 

t,. The pulse width obtained with R, = 10k2, C, = 1000 pF. 
At,.(T) The maximum percentage change in pulse width of os 
true (Q) output for the Am2602 over the temperature rangé orc : 
+75°C. Psd 
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“TH TABLE Am2602/9602 LOADING RULES 
1. An extern 
Monostable1 C 1 — _- —_ 
mMres0e | 4602/9602 x ' 
2. Laetes «ch Monostable Cy Ry 2 = _ — 
3. The o _ ; Cy 3 1 — —_ 
—_ f Cy Operation 7 4 
4. te va ft H Trigger i, 5 
Trigger Q 6 
Reset = 
Q 7 
= HIGH Voltage Level GND 8 
4 = LOW Voltage Level Monostable2 Q 9 
/X%=Don't Care °* 4 
H-L = HIGH to LOW Voltage Level transition Q 0 
L—H = LOW to HIGH Voltage Level transition ih 11 
I, 12 
Table | = 
13 
14 
15 


16 


Table ll 


MSI INTERFACING RULES 


; Equivalent 
Interfacing Input Unit Load 
Digital Family HIGH LOW 


Advanced Micro Devices 9300/2500 Series 
FSC Series 9300 1 
Tl Series 54/7400 1 
Signetics Series 8200 2 
1 
2 


National Series DM 75/85 
DTL Series 930 


— ] me] Af oe | me] me 


Table Ill 


INPUT/OUTPUT INTERFACE CONDITIONS 


Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
“Low” DRIVEN "LOW" 


Yoec 


~ MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 


24 -- Sa 
22}- You, NOISE 

ba IMMUNIT 
20 (High level} = 


> 


——"ony 


MINIMUM LOGIC ———_—_—_ 


I 
“HIGH™ INPUT 

: VOLTAGE 

1.2 

1.0 Vila Gno = Vor = 

08 MAXIMUM LOGIC 

IMMUNIT “LOW INPUT or 
06 Voi, repaid? VOLTAGE Current Interface Conditions — HIGH 


JUTPUT/ INPUT VOLTAGE LEVELS — VOLT: 
a 


OUTPUT DRIVING INPUT LOAO 


MAXIMUM LOGIC HIGH DRIVEN "HIGH" 


— “LOW” OUTPUT 
af 


DRIVEN DEVICE 


DRIVING DRIVEN 
DEVICE DEVICE = 


Figure 4 


Part 
Number 
Am2602 
Am2602 


Note 6: The dice supplied will contain units which meet both 0°C to + 75°C 
and —55°C to + 125°C temperature ranges. (408) 732-2400 


Am2602/9602 APPLICATIONS 


Delayed Pulse Generation 


The first monostable determines the time T, before the initiation of the output pulse. The second monostable 
determines T,, the output pulse width. 


Figure 5 


OVERRIDING 
ENABLE 


Pulse Generator 


The output frequency produced with the above configuration is determined by C,, and R,,, while the pulse 
width is determined by Cy, and R,,. Monostable 1 forms an astable multivibrator with an output pulse width 
of approximately 25 ns, while monostable 2 extends the pulse width to the required value. 


Figure 6 


ORDERING INFORMATION 


Package Temperature Order 
Type Range Number 

Silicone Plastic DIP 0°C to +75°C AM2602BDEB 

Hermetic DIP 0°C to +75°C AM2602BDEA 
Hermetic DIP —55°C to +125°C + AM2602AAEA ADVANCED 
Dice Note 6 AM2602XXXD MICRO 
Silicone Plastic DIP 0°C to +75°C U6M960259X DEVICES INC. 

Hermetic DIP 0°C to +75°C U7B960259X 
Hermetic DIP = —55°C to 4125°C + U7B960251X an Oe é ae 
Dice’ Note 6 UXX9602XXD added 


California 94086 


TWX: 910-339-9280 


= ————— 
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© | Sway Mama SU RETRIGGERABLE TTL 


MONOSTABLE SW9601 
MULTIVIBRATOR a picuann 1566 


The SW9601 is a TTL Monostable Multivibrator with versatile trigger gating, rapid recovery, 
internally compensated reference levels, and high speed capability. It is well suited for a broad 
variety of applications, including pulse delay generators, square wave generators, long delay 
timers, pulse absence detectors, and clock pulse generators. 


LOGIC SYMBOL 


FEATURES 
¢ RETRIGGERABLE, 0 to 100% duty cycle. 
e D.C. LEVEL TRIGGERING, insensitive to transition times. 
* COMPLEMENTARY INPUTS, for “leading edge” or “trailing edge” triggering. 
¢ COMPLEMENTARY OUTPUTS, with active pull-ups for driving load capacitance. 
* PULSE WIDTH COMPENSATION for Vcc and temperature variations. 
¢ 90 nsec TO co OUTPUT PULSE WIDTH RANGE. 
¢ OPTIONAL RETRIGGER LOCK-OUT CAPABILITY. PACKAGE DIMENSIONS 


CIN INCHES) 


OPERATING NOTES 14 LEAD CERAMIC DUAL IN LINE PLUG-IN “Pp” 


1, TRIGGERING — The SW9601 has four D.C. coup- 
led triggering inputs; pins 1 and 2 respond to 


LOW state signals, while pins 3 and 4 respond ee 
to HIGH state signals. Triggering occurs as the 

input signal passes through the threshold region. NO TRIGGER 
Triggering logic is outlined in the Table. Input TRIGGERS 
signals can be interchanged between pins 1 and NO TRIGGER 


2, since they are logically identical; the same NO TRIGGER 
relationship holds for pins 3 and 4. ¢ = immaterial 


2. RETRIGGERING — In a normal cycle, triggering initiates a rapid discharge of the external tim- 
oO ing capacitor, followed by a ramp voltage run-up at pin 13. The delay will time out when the ramp 


voltage reaches the upper trigger point of a Schmitt circuit, causing the outputs to revert to the 

€ quiescent state. If another trigger occurs before the ramp voltage reaches the Schmitt threshold, 
the capacitor will be discharged and the ramp will start again without having disturbed the 0012p 
outputs. The delay period can therefore be extended for an arbitrary length of time by insuring 
that the interval between triggers is less than the delay time, as determined by the external ei 


capacitor and resistor. 14 LEAD PLASTIC DUAL IN LIKE PLUG.IN “Mt” 


3. NON-RETRIGGERABLE OPERATION — Retriggering can be inhibited logically, by connecting snow 
pin 6 back to pin 3 or 4, or by connecting pin 8 back to both pins 1 and 2. 


4. OUTPUT PULSE WIDTH — An external resistor Ry and an external capacitor Cx are required, 
as shown in the logic diagram; to minimize stray capacitance and noise pickup, Rx and Cx should 
be located as close as possible to the circuit. In applications which require remote trimming of 
the pulse width, as with a variable resistor, Rx should consist of a fixed resistor in series with 
the variable resistor; the fixed resistor should be located as close as possible to the circuit. 

The output pulse width T is defined as follows, where Rx is in KO, Cy is in pf and T is in 


nanoseconds. 07 
T = 0.32 RxCy rR! (for Cx > 10? pf) 


The values of Rx may vary from 5.0K to 50KQ for 0° to +75°C operation, and 5.0Ko to 25Ka 
for —55° to +125°C operation. Cx may vary from 0 to any value. 


5. SETUP AND RELEASE TIMES 


— t; — | to 
= ! 
Input to Pin 1 (2) 25¥ { \ yh \ Input to Pin 3(4) 
Pins 2(1),3 and 4 = 1 Pin 4(3) =1 
t — — >t, Pi = 
th, ta = Setup time > 40 ns med |e ielorz=t 
te, ts = Release time > 40 ns Pin8 7 7 


9 MAXIMUM RATINGS (beyond which device life may be impaired) 


Vcc Pin Potential to G . =O! ! 
ct gee oH ue round me) 3 heey Operating Temperature Range (Military-1) —55°C to +125°C 
Qian stitial: he ie oe mA Operating Temperature Range {Industrial-2)  O°C to +75°C 
' i utput when + ion package meght 040 
Current Into Output when Output arg ® 60 jah aii | Storage Temperature —65°C to +150°C eres cis as Lends Rowse gold plated 


“In a sytter Veg should not exceed 70 volts. in order to limit the reverse Current forced into the input of a driven 


SAA OP nee Fo 8 ES ——— 
“STEWART-WARNER MICROCIRCUITS, inc. 2730 


load. 


DERSUNNYVALEMEALTEDRN IA 


Printed in U.S.A. 
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SW go STEWART-WARNER MICROCIRCUITS - RETRIGGERABLE MOROSTABLE MULTIVIBRATOR 
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ELECTRICAL CHARACTERISTICS (T, = —55°C to +125°C, Vcc = SV + 10%) 


CHARACTERISTIC SYMBOL CONDITIONS © 


Output High Voltage Veco = 4.5 V; lon =—- 1.0 mA® 

Output Low Voltage Vee =4.5V; lor = 10 mA® 

Input High Voltage Veco = 4.5V© 

Input Low Voltage Vee = 5.5 V® 

Input Load Current Veo = 5.5V; Ve =O4V 

Input Leakage Current Vec = 5.5V; Ve = 4.5V 

Short Circuit Current ’ Vec = 5.0 V; Vour = OV® 
Veo= 5.5V; Ground pins land2 

Max. Allowable Wiring Cap. (Pin 13) Pin 13 to Ground 

Timing Resistor 


Output High Voltage Veo = 4.75 V; lox =—1.0 mA® 
Output Low Voltage Veo = 4.75 V; lor = 12.8 mA® 
Input High Voltage Vee = 475 vo — 
Input Low Voltage Vec=5.25V 
Input Load Current ee Vec= 5.25 V; Vr =045V _ 
Input Leakage Current Ip Veo =5.25V;Ve =4.5V 
Short Circuit Current Ise Vee = 5.0 V; Vour = 0V® 
Quiescent Power Supply Drain Ipd | Vec= 5.25 V; Ground pins 1 and 2 
ax. Allowable Wiring Cap. (Pin 13) | Csrray Pin 13 to Ground 
Timing Resistor Rx a -—- 


NOTES: @ Unless otherwise noted, 10KQ resistor placed between Pin 13 and Vec, for all tests. (Ry). 
® Ground Pin 11 for Vo. @ Pin 6 or Vou @ Pin 8 or Isc @ Pin 8. Open Pin 11 for Vor @ Pin 8 or Vow @ Pin 6 or Isc @ Pin 6. 
® Pulse test to determine Vin and Vi (minimum P.W. 40 ns). 


DYNAMIC TEST SPECIFICATIONS 


Vec= 5V,Ta= +25°C 


CHARACTERISTIC SYMBOL UNIT 


Negative Trigger Input to True Output 


Negative Trigger Input to Complement Output 
Minimum True Output Pulse Width 
Pulse Width Variation 


PULSE WIDTH VS. Ry AND Cx 


50K , 
a To A 
30K , | 

| Ny yi 
20K tot Sy 

ie) AS 
c ane 

OY rey ley | 


| / 
| 
rt maaan Fi Sea 
1 or | | ! i 
oH > él a LG Tf an oe 
5K | | ; | | | | | 
‘10ns 50ns 100ns 500ns Ips Sus 10 zs 50 ns 100s 500 ss lms 
PULSE WIDTH 


DUAL MONOSTABLE 
MULTIVIBRATOR 


MC667 NOVEMBER 1970 


MHTL MC660 series MOTOROLA (AA) 


The MC667 is a dual monostabie multi- 
vibrator whose output pulse width is inde- 
pendent of input pulse width. The device is 
triggered on the rising edge of a pulse to the 
toggle input, and the output pulse width is 
determined by the R-C timing network. Cir- 
Input Loading Factor = 1 cuit operation is described on Page 7 of 
Output Loading Factor = 10 Application Note 467. 

Fete nE OSE ee er ee Each multivibrator in the package has both 
true logic ‘1’° and complement logic °’’0” 


An internal timing resistor is provided at pin 4(10}. 


An external timing resistor may be connected between Vcc outputs available. A positive-going pulse is 
and pin 3(11) instead of using pin 4(10). available at the logic ‘’1’’ output, and the 

A timing capacitor is connected between pins 3(11) and 5(9). inverted pulse is available at the logic “0” 
Si i i h ic. uae 2 7 - 
Pree ClreuimecheMatie;) output. Outputs utilize active pullup circuits 


to minimize output impedance. 


MC667 
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SWITCHING TIME TEST CIRCUIT, WAVEFORMS AND DEFINITIONS 


90% 
, 10% -[ 
—_ GND 


t, S20 ns _ ty =20 ns 


f = 500 kHz 


OUTY CYCLE = 50% of p> 


Pulse Width: PW--q- 20.7 Ry Cy -125x 10-9 Ry in ohms 
PWe9" 0.7 Ry Cy +125x 10-2 f Cr in farads 


Cy and Ry are timing resistor and Capacitor. 


Recovery Time: tg =3 Cy x 103 tr in seconds 
Cy in farads 


PW x (100) Ry x (100) 
4 — 
PWttp Ry +45 


Duty Cycle: OCs 
Rz in ohms 


External Timing Resistor: 5.0 kQ SRext S56k2 


‘ APPLICATION INFORMATION 


Circuit Operation 3. Input pulse width may be as narrow as 100 ns. 


1. Any value of external capacitor (Cey¢) may be used 
for the timing circuit. If an external resistor is used 


(20k internal is provided), 5.0k2 < Rey, <56kQ. ie v \, 
2. The generated pulse width (PW) is calculated as fol- — 100 ns —> 
lows: 


PW © 0.7 Ry CT-125x 10-9 ( Ry inohms 


snes -9 i 
PWg 0.7 RT CT+125x 10 CT in farads 4. Sufficient recovery time must be allowed between 


input and output pulses. Recovery time is that per- 
iod of time which the multivibrator requires for the 
capacitor to reach its quiescent state after triggering. 
Recovery time begins after the end of the output 


Wreicar APPLICATIONS (continued) 


5. 


\ 


pulse or the return of the input to the zero state, 
depending upon which occurs later. 
tR =3CTx 103 tr in seconds 


Cy in farads 


Although the toggle input displays the 5.0 volt noise 
margins of MHTL, the MC667 is susceptible to neg- 
ative-going noise on the R-C timing network. False 
triggering may be caused by a negative-going spike 
of 1.5 volts or greater. Vcc should be bypassed at 
the package by a capacitor if false triggering occurs. 
Also, a capacitor equal to CT connected from pin 3 
(pin 11 for second multivibrator) to ground will im- 
prove noise immunity. The output pulse width will 
not be significantly affected. 


Cr 


if the output pulse width is approximately 0.25 ms 
or greater, the logic ‘'1'’ output fall time will be 
greater than 1.0 us. If the logic ‘1°’ output is used 
to clock a flip-flop, this long fall time may cause 
improper toggling due to noise or oscillation on the 
clock line. Several solutions to this problem are 
shown. 
A. Use of the logic ‘’0” output inverted. Rise and 
fall times of the logic “’0’’ output are typically 
less than 0.5 ps. 


—o 
1/6 MC680 


= To Clock 


B. Let the output of the MC667 drive 1/2 MC675 
pulse stretcher. The pulse stretcher extends the 
pulse width beyond the oscillation and gives a 
sharp fall time to the pulse. A typical value of 
Cext (for the pulse stretcher) is 50 pF. 


Thin Cext 
Py Va 
\ a 
1 ay ‘i 
| y, OTP 
o— Tss out 
or 1/2 
MC675 
1/2 MC667 


rein 


C. Let the output of the MC667 drive two active 


pullup inverters (MC680) or gates connected as 
a Schmitt Trigger. The trigger goes from the high 
to the fow state at a threshold of approximately 
6.5 volts. The oscillation then appears at a volt- 
age level above the threshold of the Schmitt 
Trigger. Also, the hysteresis action of the net- 
work helps prevent oscillation from retriggering 
the Schmitt Trigger and gives sharp rise and fall 
time at TPout. 


TPino 


@ TYPICAL APPLICATIONS (continued) 

Bos A sequential pulse train may be generated as shown in 

Application Ideas Fi Po : ; 
igure 2. The timing diagram shows an approximate delay 
The configuration shown in Figure 1 is a gated astable of 250 ns between pulses. Any pulse width in the train 
. multivibrator. Pulse widths may be varied by changing must be of sufficient length to allow proper recovery time 

time constants “ty” and “tg”. of the multivibrator following that pulse. 

FIGURE 1 — GATED ASTABLE MULTIVIBRATOR FIGURE 2 — GENERATION OF A SEQUENTIAL PULSE TRAIN 


[ | Al 
Iadlise pee ns 


A2 
eer 
TYPICAL CHARACTERISTICS 
FIGURE 3 — OUTPUT PULSE WIDTH FIGURE 4 — LOGIC “1” OUTPUT FALL TIME 
versus CAPACITANCE — versus OUTPUT PULSE WIDTH 
_ 100 p= 3 1000 
a _— —_— 
E Vec = 15 Vv FH cof 
re F 
5 _—" 
. = = 

w 

Ke 
8 =) 4 
| a 18] = 
a a 
a > 
24 ° 
G. = 
E : 1.0} 
° ba 
= 6 
& ah; 

= 0.01 


Cc, CAPACITANCE (uF) PW, OUTPUT PULSE WIDTH (ms) 


MC667 
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HEX INVERTER 


Loan 
MDTL MC930/830 series MOTOROLA (AA 
(Open Collector) 


oa 
MC935F - MC835F,P JULY 1968 


This hex inverter with no output pullup resistors, is 
useful in low-voltage applications such as lamp and/or relay 
drivers and interfacing with discrete component systems. 
It is convenient for obtaining wired-collector functions 
with little sacrifice in power dissipation or available fan- 
out. 


3 So—« 
s—l>o—s 
o—[>o—s 
11 —|>o— 10 
13} >o— 12 
2=7 
Input Loading Factor =1 


Output Loading Factor =8 
Total Power Dissipation = 42 mW typ/pkg 


Propagation Delay Time = 30 ns typ 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


TP; TPaut Veco = 5.0 V 


in 


MC833 Or 
Equivalent 


R 


c 


MC935F @ MC835F, P 
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Semiconductor Products Inc. 


PHOENIX. ARIZONA 85036 © A SUBSIDIARY OF MOTOROLA 


ROLA 


(AA) MOTO 


MC952F 
MC953F 
MC955F 
MC956F 


** DUAL J-K FLIP-FLOP 


MC852F, 
MC853F, 
MC855F, 
MC856F, 


uu 0 UU 


Each section of the monolithic MC952/MC852 and MC953/MC853 dual J-K clocked flip-flops consists 
ot two directly-coupled flip-flops operating on the “master-slave” principle. Operation depends only on 
voltage levels, so the rise and fall times of the input clock are unimportant in determining the state of the 
flip-flop. Input information is stored in the “master” flip-flop when the clock voltage is high and is trans- 
ferred to the “slave’’ when the clock voltage goes low. 

The MC952/MC852 has a common clock input which makes this device suitable for clocked counters and 
shift register applications. A common direct ciear (Cp) and separate direct sets (Sp) are available. The direct 
inputs override all synchronous inputs. 

The MC953/MC853 has separate clock inputs to each flip-flop, which makes the device suitable for ripple 
counter applications. Separate direct set inputs which override the synchronous inputs are also provided. 


MDTL MC930/830 series MOTOROLA 


“ ~~ 
MAY 1971 


Total Power Dissipation 
MC952/MC852, MC953/MC853 
= 120 mW typ/pkg 
MC955/MC855, MC956/MC856 
= 140 mW typ/pkg 


Propagation Delay Time = 40 ns typ 


« 


The outputs of the flip-flops are buffered, thereby reducing the possibility of circuit disturbance from 
external line noise. 


MC952/MC852 MC953/MC853 
(2) 
26 (10°) 6 26 (10°) ASYNCHRONOUS 
(2) TRUTH TABLE 
(2/3) MC952/MC852 and MC955/MC855 
5 (10°) 5 (10°) 
Sp Co Qa a 
a) 1 1 NC NC 
. ° 0 1 1 ce) 
28 (10°) (2/3) 28 (10°) 1 PS 0 : 
(2) 0 fe) 1 1 
29 (10°) (2/3) 9 (10°) 
* 12 for MC852 * 12 for MC853 
Number in parenthesis 
indicates loading. 
ASYNCHRONOUS 


TRUTH TABLE 
MC953/MC853 and MC956/MC856 


Each section of the monolithic MC955/MC855 and MC956/MC856 dual J-K clocked flip-flops consists 
of two directly-coupled flip-flops operating on the “master-slave” principle. Input information is stored in 
the “master” flip-flop when the clock voltage is high and is transferred to the “slave’’ when the clock 


voltage goes low. Sp ie} a 
The MC955/MC855 has a common clock input which makes this device suitable for clocked counters and 

shift register applications. A common direct clear (Cp) and separate direct sets (Sp) are available. The direct 1 NC NC 

inputs override all synchronous inputs. fa) 1 fe) 


The MC956/MC856 has separate clock inputs to each flip-flop, which makes the device suitable for ripple 
counter applications. Separate direct set inputs which override the synchronous inputs are also provided. 

The outputs of the flip-flops are buffered, thereby reducing the possibility of circuit disturbance from 
external line noise. The output pull-up resistor has been changed from that utilized in the MC952/MC852 
and MC953/MC853 in order to improve the propagation delay versus capacitance characteristics. 


MC955/MC855 MC956/MC856 
qj 4 (2) 4¢ 
J-K TRUTH TABLE — All Types t 
~. 
2 ee? 6 (9°°) 
(2/3) si") ws ‘td 
(4) (2) 1¢ cP 
2 s 
(2/3) oscars) (2/9) | 5 (9**) 
‘ie 
(2) 10 (2) 10¢—____—_| 
L 
28 (9°°) | 28 (9°*) 
(2/3) 11¢ (2/3) 11¢ = Asynchronous inputs, direct set (Sp) 
(2) 13¢—_* — and direct clear (Cp), override the 
(2/3) 12¢ 59 (9**) (2/3) eee ae 29 (9°*) synchronous inputs; they are indepen- 
r dent of all other inputs. 
(4) 13¢ tValid only when J and K inputs re- 
** 41 for MC855 ** 11 for MC856 main unchanged during period while 
CP is high. 


Number in parenthesis 
indicates loading. 


MC952F @ MC852F,P 
MC953F @e MC853F,P 


MC955F e MC855F,P 
MC9S6F @ MC856F,P 


CIRCUIT SCHEMATIC (1/2 OF CIRCUIT SHOWN) 


Q96 (8) 


SU 22K 


aval 
is ( 154 : 


149Vcc 


7 
GND 


2 4 (10) 


GND Sicaaiielg 
@}3e— 
Lcd 5 
a Ook 
14¢ = 
Vec 2k 
ans ] 
(11) 3¢ ‘ "| 
J hw 
9k 


(a) Used only on MC952/MC852 and MC955/MC855 
(b) Used only on MC952/MC852 and MC953/MC853 
(c) Used only on MC955/MC855 and MC956/MC856 
(d) Pin 13 used for other side of MC953/MC853 and MC956/MC856 


PROPAGATION DELAY TIME TEST 
CIRCUIT AND WAVEFORMS 


Vec = 5.0 Vde 
R 


7 


NOTE: Number in parenthesis indicates pin number for other 
half of the schematic. Ground and Vcc pins are com- 
mon to both sides. 

* MC952/MC852 and MC953/MC853 — 6 k 

MC955/MC855 and MC956/MC856 — 2 k 


CLOCK PULSE WAVEFORMS 


START TEST 
OF TEST A B TIME 


. PULSE a 
4.0V Pp cP, >2.5V 
mone L_ | ae 0 
cP 5 TPout 
PULSE b 
’ CP, >2.5V 
F 
PW = 200 ns 8 sd VoPTH 
t, =10ns iv 
ty <10ns + te =1.0us 


GND 
ted— tod F 
Po 7 1.5V 


Test circuit shown for MC952/MC852 and MCS955/MC855. 
Use dotted-line connection for MC953/MC853 and 
a MC956/MC856, which have separate toggle inputs. 


APPLY lot or lon 


MOMENTARY GROUNDS 
RELEASED 


TEST CONDITIONS 


VePpTH 
MC952, MC953 | MC955, MC956 
1.15 V 1.30 V 
0.95 V 1.15 V 
0.65 V 0.85 Vv 


—55°C 
+25°C 
+1259C 


| __[mces2, mcasa|mcass, mcase 


round pin 7. Only connected inputs are shown. All 
sothers are open. 


MC833 or equivalent used for diodes. 


ll, 


MC952/MC852 


TEST CURRENT / VOLTAGE VALUES 


MC955/MC855 a 
ELECTRICAL Temperature 
CHARACTERISTICS { 55°C [0 [oof - [s.so]s.so] | 


MC9S2, MCO5S ) 425°C) a5. a] 0.5 1030 +. 0505.00 
+125°C {o.vo[z.oo] 0 Ja.oo] = [a.so[s.so] | 


C8571 MCBSS TMC8S2 MC855 
— 15.4 Hees -0.5 {1.20]2. 00] 0. 45]4. 00 s.00/s.o0] - | 


orc 
MC852, MC855 | +25" c[ 6.8 | 


~— 


lon 


Characteristic 


Short-Circuit 
Current 
MC952/MCB52 


MC955/MC855 


Reverse Current 


All Types 1,7, 
14,7 
26,7 
78,22 
1,7,10 
LVA1y 
All Types 3,5,7,9,31 
MC952/MCa52 2,9,5,6,7.8 
Ob 22 
MCOS5/MCESS 2,3.5,6,7.8 
9.10.12 
Forward Current 


23.713 
TALIZAS 

2.3.45 

10.41.12 


Power Drain Current 


MC952/MCB52 “4 ? 
“ 1,2.3.43. 
10,11,12 
MCO55/MC855 “ 7 
. oa es “ 1,2,3.4.7, 
| 10.11.12 
‘Switching Times Pulse In Pulse Out 
MC®52/MC852 1 6 a » fae ‘ 7 
6 » Hie 7 ‘ 
‘ | 
s 
MC055/MC855 e 
‘ 
s 
n fos - - - - 


Pins not listed are left open. 
4 CP, = Clock Pulse a 

CPp © Clock Pulse b 
1 Applied after Clock Pulse. 
t Momentary Ground. 


} See Clock Pulse Waveforms. 


MC955F @ MC855F,P 
MC956F @ MC856F,P 


MC952F e MC852F,P 
MC953F @ MC853F,P 
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Semiconductor Products Inc. 


PHOENIX, 


ROLA 


(A) MOTO 


, 
MDTL MC930/830 series MOTOROLA 
‘ . DUAL 4-INPUT EXPANDER 


MARCH 1968 


MC933F - MC833F, P 


DUAL 4-3 INPUT EXPANDER 


MC933G - MC833G 


This dual expander consists of two independent 
diode networks with characteristics matched to 
the input diodes of the gate and buffer elements in 
this logic family. Its use increases the fan-in capa- 
bility of other MDTL devices to a maximum of 20 
while only slightly affecting performance. 


—p}—0 13 


(1) 3 +—Ptwv— 72 19) MC933F/MC833F, P 


(10) 2¢ 


(2) 4 —44--+—-pPt- 311 (8) 


(3) 5 ! 210 (7) 


WOO AMNWN 
ur 
A 


soe 


(4) 6 D9 (6) 


| 
| 
| 
| 
I 
| 
6 
7 GND MC933G/MC833G 


(5) 
(10) \ 
Ble 
(4) 
(6) h 
(9) 


Number at end of terminal represents pin number for flat and 
dual in-line packages. Number in parenthesis indicates pin 
number for metal can. 


EXPANDABLE DUAL MDTL MC930/830 series MOTOROLA (AA) 
4-INPUT “NAND” GATE 


_ % 
< 
MC930OF - MC830F, P MARCH 1968 
MC96IF - MC86IF, P 
This gate element, in the 14-pin flat and dua! 
EXPANDABLE DUAL in-line packages, consists of two expandable 4-input 


3-2 INPUT “NAND” GATE NAND gate circuits. Since the metal can (G suffix) 
has only 10 pins, that circuit consists of one 3-input 
MC930G 3 MC830G and one 2-input expandable gate. The elements may 


MC961G : MC861G be cross-coupled to form a bistable multivibrator, 


or the outputs may be connected in parallel to per- 
\ 7 form the logic “OR” function. 


: 


(10) 149 Vv 
ene MC930F/MC830F, P 


D- MC961F/MC861F, P 
| 8 


Positive Logic: 6=1°2°4¢5 [3] 


“WNOO WOSN— 


er) 


Negative Logic: 6=1+2+4+5+4(3) 


(1 
2.15k BT px 


Positive Logic: 4=1°2°3 
Negative Logic: 4=1+2+3 


Input Loading Factor = 1 
Output Loading Factor: 
MC930/MC830 = 8 


MC961/MC861 = 7 
(4) 6 “8 (6) 


7 re cone McC930 MC961 
issipation: 
(5) * MC930/MC830 — 6 k a Mc830 MC861 
GND MC961/MC861 — 2k 


Inputs Low 
Inputs High 
50% duty Cycle 


4 12 mw 
42 mw 
27 mW 
Number at end of termina! represents pin number for flat and 


dual in-line packages. Number in parenthesis indicates pin Propagation Delay Time 
number for metal can. MC930/MC830 = 30 ns typ 
MC961/MC861 = 25 ns typ 


SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 


TPin TPout Mees:0N 
9 
R 
MC833 Or 

4.0 “1. ot Equivalent 
ov —— 

PW = 200 ns Sr cc 

ty =10ns S 

t =10ns 


tesT| R | ¢ | 
[tear [38k onme| 50 0F | 
tea _| 400 ohms | 50 0F | 


MC930F e MC830F,P MC930G e MC830G 


ra . Fe MC861F,P MC961G e MC861G 
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PERATION AND APPLICATIONS INFORMATION (continued) 


FIGURE 26 — BASIC SQUARE ROOT CIRCUIT 


MCIS95L 
(MC1495L) 


as indicated in Figure 26. This circuit may suffer from 
latch-up problems similar to those of the divide circuit. Note 
that only one polarity of input is allowed and diode clamping 
(see Figure 27) protects against accidental latch-up. 

This circuit also may be adjusted in the closed-loop mode as 
follows: 


1. Set Vz to -0.01 volts and adjust Pq (output offset) for 
Vo = +0.316 volts, being careful to approach the output 
from the positive side to preclude the effect of the out- 
put diode clamping. 


2. Set Vz to -0.9 volts and adjust Pz (X adjust) for Vo = 
+3.0 volts. 


3. Set Vz to ~10 volts and adjust P3 (scale factor adjust) 
for Vg = +10 volts. 


4. Steps 1 through 3 may be repeated as necessary to achieve 
desired accuracy. 


6. AC Applications 


The applications that follow demonstrate the versatility of the 
monolithic multiplier. If a potted multiplier is used for these 
cases, the results generally would not be as good because the potted 
units have circuits that, although they optimize de multiplication 
operation, can hinder ac applications. 


6.1 Frequency doubling often is done with a diode where the 
fundamental plus aseries of harmonics are generated. However, 
extensive filtering is required to obtain the desired harmonic, 
and the second harmonic obtained under this technique usually 
is small in magnitude and requires amplification. 

When a multiplier is used to double frequency the second 
harmonic is obtained directly, except for a dc term, which can 
be removed with ac coupling. 


\o = KE2 cos2 wt 


2 
€o = = (1 + cos 2ut), 


A potted multiplier can be used to obtain the double fre- 
quency component, but frequency would be limited by its 
internal level-shift amplifier. In the monolithic units, the ampli- 
fier is omitted. 

tn a typical doubler circuit, conventional + 15-volt supplies 
are used. An input dynamic range of 5.0 volts peak-to-peak is 
allowed. The circuit generates wave-forms that are double fre- 
quency; less than 1% distortion is encountered without filtering. 
The configuration has been successfully used in excess of 200 
kHz; reducing the scale factor by decreasing the load resistors 
can further expand the bandwidth. 

A slightly modified version of the MC1595 (MC1495) — 
the MC1596 (MC 1496) — has been successfully used as a doubler 
to obtain 400 MHz. (See Figure 28.) 

6.2 Figure 29 represents an application for the monolithic 
multiplier as a balanced modulator. Here, the audio input signal 
is 1.6 kHz and the carrier is 40 kHz. 


FIGURE 27 — SQUARE ROOT CIRCUIT 
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OPERATION AND APPLICATIONS INFORMATION (continued) és 


FIGURE 28 — FREQUENCY DOUBLER 
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When two equal cosine waves are applied to X and Y, 
the result is a wave shape of twice the input frequency. 
For this example the input was a 10 kHz signal, output 
was 20 kHz. 


FIGURE 29 — BALANCED MODULATOR 
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The defining equation for balanced modulation is 


K(E,) COs Wt) (E, cos wet) = 


KE.Em 


[cos (we + Wry) t + cos (We — wpy)t] 


where we is the carrier frequency, wr, is the modulator fre- 
quency and K is the multiplier gain constant. 

AC coupling at the output eliminates the need for tevel trans- 
lation or an operational amplifier; a higher operating frequency 
results. 

A problem common to communications is to extract the 
intelligence from single-sideband received signal. The ssb signal 
is of the form 


Cssh = A cos (We + Wpy)t 
and if multiplied by the appropriate carrier waveform, cos wet, 


€ssb@ carrier = > [cos (2wW¢ + Wm)t + cos (we)t]. 


lf the frequency of the band-limited carrier signal, We, is ascer- 
tained in advance the designer can insert a low-pass filter and 
obtain the (AK/2) (cos wet) term with ease. He also can use an 
operational amplifier for a combination level! shift-active filter, 
as an external component. But in potted multipliers, even if 
the frequency range can be covered, the operational amplifier 
is inside and not accessible, so the user must accept the level 
shifting provided, and still add a low-pass filter. 


6.3 Amplitude Modulation 


The multiplier performs amplitude modulation, similar to 
balanced modulation, when adc term is added to the modulating 
signal with the Y offset adjust potentiometer. (See Figure 30.) 


Here, the identity is 


Em(1 t+ mcos wmt) Ee cos wet = KEmE cos wet + 


KEmE om 
——— [eoslwe + Wrp)t + cos (We - wry) t] 


where m indicates the degree of modulation. Since m is adjust- 
able, via potentiometer Py, 100% modulation is possible. With- 
out extensive tweaking, 96% modulation may be obtained where 
We and Wry are the same as in the balanced-modulator example. 


6.4 Linear Gain Control 


To obtain linear gain control, the designer can feed to one 
of the two MC1595 (MC1495) inputs a signal that will vary the 
unit’s gain. The following example demonstrates the feasibility 
of this application. Suppose a 200 kHz sine wave, 1.0 volt 
peak-to-peak, is the signal to which a gain control will be added. 
The dynamic range of the control voltage Vc is 0 to +1.0 voit. 
These must be ascertained and the proper values of Rx and Ry 
can be selected for optimum performance. For the 200-kHz 
operating frequency, load resistors of 100 ohms were chosen to 
broaden the operating bandwidth of the multiplier, but gain was 
sacrificed. It may be made up with an amplifier operating at the 
appropriate frequency. (See Figure 31.) 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


X, Y and Output Offset Voltages 


Vo Output 
Offset 


For most dc applications, all three offset adjust potentiome- 
ters (Pq, Pz, Pq) will be necessary. One or more offset adjust 
potentiometers can be eliminated for ac applications (See Figures 
28, 29, 30, 31). 

If well regulated supply voltages are available, the offset ad- 
just circuit of Figure 13 is recommended. Otherwise, the circuit 
of Figure 14 will greatly reduce the sensitivity to power supply 
changes. 


4.2 Scale Factor 


The scale factor, K, is set by P3(F igure 21). P3 varies 13 which 
inversely controls the scale factor K. It should be noted that 
current 13 is one-half the current through Rj. Rq sets the bias 
level for Qs, Qg, Q7, and Og (See Figure 3). Therefore, to be 
sure that these devices remain active under all conditions of input 
and output swing, care should be exercised in adjusting P3 over 
wide voltage ranges (see Section 3, General Design Procedure). 


4.3 Adjustment Procedures 


The following adjustment procedure should be used to null 
the offsets and set the scale factor for the multiply mode of 
operation. (See Figure 21) 


1. X Input Offset 

(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 
“¥" input (pin 4) 

(b) Connect "X"’ input {pin 9) to ground 

(c) Adjust X offset potentiometer, P2, for an ac null 
at the output 
2. Y Input Offset 

(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 
“X"' input (pin 9) 

(b) Connect “Y” input (pin 4) to ground 

(c) Adjust “Y”’ offset potentiometer, P4,for an ac null 
at the output 
3. Output Offset 

(a) Connect both “’X* and “Y” inputs to ground 

(b) Adjust output offset potentiometer, P4, until the 
output voltage V, is zero volts de 
4. Scale Factor 

(a) Apply +10 Vdc to both the “X” and “Y” inputs 

(b) Adjust P3 to achieve + 10.00 V at the output. 
5. Repeat steps 1 through 4 as necessary. 


The ability to accurately adjust the MC1595 (MC1495) 
depends upon the characteristics of potentiometers P4 
through Pg. Multi-turn, infinite resolution potentiomet- 
ers with low-temperature coefficients are recommended. 


5. DC Applications 


5.1 Multiply 

The circuit shown in Figure 21 may be used to multiply 
signals from dc to 100 kHz. Input levels to the actual multi- 
plier are 5.0 V (max). With resistive voltage dividers the maxi- 
mum could be very large — however, for this application two- 
to-one dividers have been used so that the maximum input 
level is 10 V. The maximum output level has also been designed 
for 10 V (max). 


5.2 Squaring Circuit 


If the two inputs are tied together, the resultant function is 
squaring; that is Vo = KV2 where K is the scale factor. Note 
that all error terms can be eliminated with only three adjustment 
potentiometers, thus eliminating one of the input offset adjust- 
ments. Procedures for nulling with adjustments are given as 
follows: 


1. AC Procedure: 

(a) Connect oscillator (1 kHz, 15 Vpp) to input 

(b) Monitor output at 2 kHz with tuned voltmeter 
and adjust P3 for desired gain (be sure to peak response 
of the voltmeter) 

(c}) Tune voltmeter to 1 kHz and adjust Py for a min- 
imum output voltage 

(d) Ground input and adjust Pq (output offset) for 
zero volts dc output 

(e) Repeat steps a through d as necessary. 
2. DC Procedure: 

(a) Set Vx = Vy = 0 V and adjust P4 (output offset 
potentiometer) such that Vg = 0.0 Vde 

(b) Set Vx = Vy = 1.0 V and adjust Py (Y ‘input 
offset potentiometer) such that the output voltage is 
+0.100 volts 

(c) Set Vx = Vy = 10 Vdc and adjust P3 such that the 
output voltage is + 10.00 volts 

(d) Set Vx = Vy =-10 Vdc. Repeat steps a through 
d as necessary. 


FIGURE 24 — BASIC DIVIDE CIRCUIT 


vx 


5.3 Divide Circuit 


Consider the circuit shown in Figure 24 in which the multi- 
plier is placed in the feedback path of an operational amplifier. 
For this configuration, the operational amplifier will! maintain 
a‘‘virtual ground” at the inverting (-) input. Assuming that the 
bias current of the operational amplifier is negligible, then 14 = 
to and 


R1 R2 
oR1 VZ (2) 
Solving for Vy, Vy R2K Vix ' 
if R1=R2 
-VZ 
Vy =—— 
w' KVX (3) 
If R1=KR2 
-V 
vye——= (4) 
x 
ondtctor Products /nc.——-— 


OPERATION AND APPLICATIONS INFORMATION (continued) 


Hence, the output voltage is the ratio of Vz to Vx and provides 
a divide function. This analysis is, of course, the ideal condition. 
If the multiplier error is taken into account, the output voltage 
is found to be 


. “R1 
Y =-/— 
R2K 


Vz 4€E 
ee. (5) 
Vx KVx 


where 4E is the error voltage at the output of the multiplier. 
From this equation, it is seen that divide accuracy is strongly 
dependent upon the accuracy at which the multiplier can be 
set, particularly at small values of Vy. For example, assume 
that R1 = R2, and K = 1/10. For these conditions the output 
of the divide circuit is given by: 


-10Vz  104E 
nie . 


Vx Vee (6) 


Vy 


From equation 6, it is seen that only when Vy = 10 V is the 
error voltage of the divide circuit as low as the error of the 
multiply circuit. For example, when Vx is small, {0.1 volt) 
the error voltage of the divide circuit can be expected to bea 
hundred times the error of the basic multiplier circuit. 

In terms of percentage error, 


error 
percentage error = ——— x 100% 
actual 


or from equation (5), 


vias (7) 


From equation 7, the Percentage error is inversely related to 
voltage Vz {i.e., for increasing values of Vz, the percentage 
error decreases). 

A circuit that performs the divide function is shown in 
Figure 25. . 


Two things should be emphasized concerning Figure 25. 
1. The input voltage {V‘x) must be greater than zero and 
must be positive. This insures that the current out of 
pin 2 of the multiplier will always be in a direction com- 


patible with the polarity of Vz. 


2. Pins 2 and 14 of the multiplier have been interchanged 
in respect to the operational amplifiers input terminals. 
In this instance, Figure 25 differs from the circuit connec- 
tion shown in Figure 21; necessitated to insure negative 
feedback around the loop. 


A Suggested Adjustment Procedure for the Divide Circuit 


1. Set Vz = 0 volts and adjust the output offset potentio- 
meter (Pq) until the output voltage (Vg) remains at some 
(not necessarily zero) constant value as Vx’ is varied 
between +1.0 volt and +10 volts. 


2. Keep Vz at 0 volts, set Vx’ at +10 voits and adjust the 
Y input offset potentiometer (Py) until Vg = 0 volts. 


3. Let Vx’ = Vz and adjust the X input offset potentio- 
meter (P5) until the output voltage remains at some (not 
necessarily - 10 volts) constant value as Vz = Vx’ is 
varied between +1.0 and +10 volts. 


4. Keep Vx’ = Vz and adjust the scale factor potentiometer 
(P3) until the average value of Vg is - 10 volts as Vz= 
Vx’ is varied between +1.0 volt and +10 volts. 


5. Repeat steps 1 through 4 as necessary to achieve opti- 
mum performance. 
5.4 Square Root 


A special case of the divide circuit in which the two inputs to 
the multiplier are connected together is the square root function 


FIGURE 25 — DIVIDE CIRCUIT 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


it can be seen that the resistor values necessary are given by: 


R43 +500 9 = VIO7V 
113 
R3+ 500 aq = v1-07 Vv 
13 
Let V-=-15 Vv 
Then R43 +500 = 38 be or R743 = 13.8k2 


Let R43= 12k 
Similarly, R3 = 13.8 kQ 
Let R3=15k2 


However, for applications which require an accurate scale factor, 
the adjustment of Rg and consequently, 13, offers a convenient 
method of making a final trim of the scale factor. For this reason, 
as shown in Figure 21, resistor R3 is shown as a fixed resistor in 
series with a potentiometer. 

For applications not requiring an exact scale factor (balanced 
modulator, frequency doubler, AGC amplifier, etc.), pins 3 and 13 
can be connected together and a single resistor trom pin 3 to ground 
can be used. In this case, the single resistor would have a value of 
one-half the above calculated value for R43. 


Step 2. The next step is to select Rx and Ry. To insure 
that the input transistors will always be active, the following condi- 
tions should be met: 


A good rule of thumb is to make IgRy 2 1.5 Vy (max) and 
143 RX > 1.5 VxImax)- 


The larger the 13Ry and 143R x product in relation to Vy 
and Vx respectively, the more accurate the multiplier will be (see 
Figures 17 and 18}. 


Let Ry = Ry = 10k2 
Then i3Ry =10V 
143Rx=10V 


since Vx (max) = VY(max) = 5-Ovolts the value of Ry = Ry =10k2 
is sufficient. 


Step 3. Now that Rx, Ry and !3 have been chosen, Ry can 
be determined: 


2Ry 4 
~RxRylz 10 
or (2) (RL) aaa 


(10k) (10k) (1 mA) 10 


Thus Ru = 20k. 


Step 4. To determine what power-supply voltage is necessary 
for this application, attention must be given to the circuit schematic 
shown in Figure 3. From the circuit schematic it can be seen that 
in order to maintain transistors Q}4, Q2, Q3 and Qg in an active 


region when the maximum input voltages are applied (Vy' = Vy’ = 
10 Vor Vx = 5.0 V, Vy = 5.0 V), their respective collector voltage 
should be at least a few tenths of a volt higher than the maximum 
input voltage. It should also be noticed that the collector voltage 
of transistors Q3 and Qg are at a potential which is two diode-drops 
below the voltage at pin 1. Thus, the voltage at pin 1 should be about_ 
two volts higher than the maximum input voltage. Therefore, to 
handle +5.0 volts at the inputs, the voltage at pin 1 must be at least 
+7.0 volts. Let Vz =9.0 Vdc. 

Since the current following into pin 1 is always equal to 
213, the voltage at pin 1 can be set by placing a resistor, R 4 from 
pin 1 to the positive supply: 


_Vt-vy 
2I3 


Ry 


Let vV*=+15V 


Then R ASM SEY. 
1"(2)0 mA) 


Ry =3kQ. 


Note that the voltage at the base of transistors Og, Qg, Q7 and Qg 
is one diode-drop below the voltage at pin 1. Thus, in order that 
these transistors stay active, the voltage at pins 2 and 14 should be 
approximately halfway between the voltage at pin 1 and the positive- 
supply voltage. For this example, the voltage at pins 2 and 14 should 
be approximately 11 volts. 


Step 5. Level Shifting 


For dc applications, such as the multiply, divide and square- 
root functions, it is usually desirable to convert the differential 
output to a single-ended output voltage referenced to ground. 
The circuit shown in Figure 22 performs this function. It canbe 
shown that the output voltage of this circuit is given by: 


Vo = (la -lq) Re 


2Ixly 2VxVy 
And since la -Ig = 19-44 = 72 = 


I3 7 I3RxRy 
Th ~ 2RLVx'Vy’ 
en = 
“5 4RxRxlg where Vx'Vy’ is the voltage at the 


input to the voltage dividers. 


FIGURE 22 ~ LEVEL SHIFT CIRCUIT 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


The choice of an operational amplifier for this application 
should have low bias currents, low offset current, and a high 
common-mode input voltage range as well as a high common-mode 
rejection ratio. The MC1556, and MC1741 operational amplifiers 
meet these requirements. 

Referring to Figure 21, the level shift components will be de- 
termined. When Vy = Vy = 0, the currents Iz and 144 will be equal 
tol43. InStep 3, R, was found to be 20 kQ and in Step 4, V2 and 
V14 were found to be approximately 11 volts. From this informa- 
tion, Rg can be found easily from the following equation (neglect- 
ing the operational amplifiers bias current): 


Vv vi -v 
22 gas 2 
Ri Ro 
And for this example, 11V 15 V-11V 
+1mA = ——_— 
20 k2 Ro 


Solving for Ro, Ro = 2.6 k2 

Thus, select Rg = 3.0k2 

For Ro = 3.0 kQ, the voltage at pins 2 and 14 is calculated to be 
V2 = V14 = 10.4 volts. 


The linearity of this circuit (Figure 21) is likely to be as good 
or better than the circuit of Figure 5. Further improvements are 


possible as shown in Figure 23 where Ry has been increased sub- 
stantially to improve the Y linearity, and Ry decreased somewhat 
sO as not to materially affect the X linearity, this avoids increasing 
RL significantly in order to maintain a K of 0.1. 

The versatility of the MC1595 (MC1495) allows the user to 
to optimize its performance for various input and output signal - 
levels. 


4. Offset and Scale Factor Adjustment 


4.1 Offset Voltages 

Within the monolithic multiplier (Figure 3) transistor base- 
emitter junctions are typically matched within 1 mV and resistors 
are typically matched within 2%. Even with this careful match- 
ing, an output error can occur. This output error is comprised 
of X-input offset voltage, Y-input offset voltage, and output- 
offset voltage. These errors can be adjusted to zero with the tech- 
niques shown in Figure 21. Offset terms can be shown ana- 
lytically by the transfer function: 


Vo = KIVx + VIOXtVXx off) (Vy + ViovEVY off) t Voo | 


Where K = scale factor 
Vx = X input voltage 
Vy = Y input voltage 


ViOX = X input offset voltage 
Vi0Y = Y input offset voltage 
Vx off= X input offset adjust voltage 
Vy off= Y input offset adjust voltage 
Voo = Output offset voltage. 


FIGURE 23 — MULTIPLIER WITH IMPROVED LINEARITY 
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OPERATION AND APPLICATIONS INFORMATION 


2.1.2 3 dB-Bandwidth and Phase Shift 


Bandwidth is primarily determined by the load resistors and 
the stray multiplier output capacitance and/or the operational 
amplifier used to level shift the output. If wideband Operation 
is desired, low value load resistors and/or a wideband operational 
amplifier should be used. Stray output capacitance will depend 
to a large extent on circuit layout. 

Phase shift in the multiplier circuit results from two sources: 

2VxVy phase shift common to both X and Y channels (due to the load 
Ia - Ipaq RxRy13 resistor-output capacitance pole mentioned above) and relative 
phase shift between X and Y channels (due to differences in 
transadmittance in the X and Y channels). If the input to output 
phase shift is only 0.6°, the output product of two sine waves 
will exhibit a vector error of 1%. A 3° relative phase shift be- 
tween Vx and Vy results in a vector error of 5%. 


1. Theory of Operation 


The MC1595 (MC1495) is a monolithic, four-quadrant multi- 
plier which operates on the principle of variable transconductance. 
The detailed theory of operation is covered in Application Note 
AN-489, Analysis and Basic Operation of the MC1595. The result 
of this analysis is that the differential output current of the multi- 
plier is given by 


where I and !g are the currents into pins 14 and 2, respectively, 
and Vx and Vy are the X and Y input voltages at the multiplier 
input terminals. 


2. Design Considerations 


ew me oy - ; 
SS de 2 d 7 a TT 


2.1 General 


The MC1595 (MC1495) permits the designer to tailor the 
multiplier to a specific application by proper selection of ex- 
ternal components. External components may be selected to 
optimize a given parameter (e.g. bandwidth) which may in turn 
restrict another parameter (e.g. maximum ou tput voltage swing). 
Each important parameter is discussed in detail in the following 
Paragraphs. 


2.1.1 Linearity, Output Error, ErRx orEry 


Linearity error is defined as the maximum deviation of out- 
put voltage from a straight line transfer function. It is expressed 
as error in percent of full scale (see figure below). 


For example, if the maximum deviation, VE(max). is 
+100 mV and the full scale output is 10 voits, then the 
percentage error is 


Vv -3 
Be ee cpa OOO tone Rie 
Vo{max) 10 


Linearity error may be measured by either of the following 
methods: 

1. Usingan X — Y plotter with the circuit shown in Figure 5, 

obtain plots for X and Y similar to the one shown above. 

2. Use the circuit of Figure 4. This method nulls the level 

shifted output of the multiplier with the original input. 
The peak output of the null operational amplifier will be 
equal to the error voltage, VE(max)- 

One source of linearity error can arise from large signa! non- 
linearity in the X and Y-input differential amplifiers. To avoid 
introducing error from this source, the emitter degeneration 
resistors Rx and Ry must be chosen large enough so that non- 
linear base-emitter voltage variation can be ignored. Figures 17 
and 18 show the error expected from this source as a function 
of the values of R x and Ry with an operating current of 1.0 mA 
in each side of the differential amplifiers (i.e, 13=143=1.0 mA). 


2.1.3 Maximum Input Voltage 


VxX(max)- VY (max) Maximum input voitages must be such 
that: 


Vx(max) 173 Ry 
Vy (max) <!3 Ry. 


Exceeding this value will drive one side of the input amplifier to 
“cutoff” and cause non-linear operation. 

Currents 13 and 143 are chosen at a convenient value (observ- 
ing power dissipation limitation) between 0.5 mA and 2.0 mA, 
approximately 1.0mA. Then Ry and Ry can be determined by 
considering the input signa! handling requirements. 


For Vx(max) = V¥{max) = 10 volts; 
Vv 
Re hyo wie. 


1.0 mA 
2VxVy 
The equation Ia - 1g = ———— 
RxRylg3 
2VxVy 
is derived from ta - lpg = 
is derived from ta -lg ar ak 
(Rx + ) (Ry + —)ig 
143 


BN, 


kT 
with the assumption Rx = and Ry > 
qalig ql3 


At Ta = +25°C and 143 = 13 = 1mA, 


2kT_ _2kT _ 


Therefore, with Rx = Ry = 10 kQ the above assumption is valid. 
Reference to Figure 19 will indicate limitations of Vx(max) OF 
VY (max) due to V4 and V7. Exceeding these limits will cause 
saturation or ‘‘cutoff’ of the input transistors. See Step 4 of 
Section 3 (General Design Procedure) for further details. 


2.1.4 Maximum Output Voltage Swing 


The maximum output voltage swing is dependent upon the 
factors mentioned below and upon the particular circuit being 
considered. 

For Figure 20 the maximum output swing is dependent 
upon V" for positive swing and upon the voitage at pin 1 for 
negative swing. The potential at pin 1 determines the quies- 
cent level for transistors Qs, Og, Q7, and Qg. This potential 


IMG. 


OPERATION AND APPLICATIONS INFORMATION (continued) 


should be related so that negative swing at pins 2 or 14 does If an operational amplifier is used for leve! shift, as shown 
not saturate those transistors. See Section 3 for further inform- in Figure 21, the output swing (of the multiplier) is greatly 
ation regarding selection of these potentials. reduced. See Section 3 for further details. 


3. General Design Procedure 


Selection of component values is best demonstrated by the 
FIGURE 20 — BASIC MULTIPLIER following example: assume resistive dividers are used at the X and 
Y inputs to limit the maximum multiplier input to +5.0 volts (Vx = 
Vy {max} fora £10-volt input (Vx" = Vy"[max]). (See Figure 21). 
If an overall scale factor of 1/10 is desired, then 


Fi i Vv 
iin EY ane 
° 10 10 
Therefore, K = 4/10 for the multiplier (excluding the divider 
network). 


Step 1. The first step is to select current I3 and current 143. 
There are norestrictions on the selection of either of these currents 


MC1595L 
(MC1435L) 


¥ { bd 9. acy except the power dissipation of the device. 13 and 143 will normatly 
i | e : : he ¥ be one or two milliamperes. Further, 13 does not have to be equal 
a7 “ a to 143, and there is normally no need to make them different. For 


this example, let 


13=143= 1mA. 


To set currents 13 and !43 to the desired value, it is only 
necessary to connect a resistor between pin 13 and ground, and be 
tween pin 3 and ground. From the schematic shown in Figure 3, 


FIGURE 21 — MULTIPLIER WITH OP-AMPL. LEVEL SHIFT 
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Wk 4 
vy en 
vy 
10k 
MC1595L MC1741G Vp = Vx Vv 
(MC1495L) (MC1741CG) eG 
vx 
10k 


= 12k 
") 5k 
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TEST CIRCUITS (continued) 


FIGURE 12 — POWER SUPPLY SENSITIVITY FIGURE 13 — OFFSET ADJUST CIRCUIT 


*32V 15k 15k eee 


MC1S595L 
(MC1495L) 


POT #2 


TO PINS TO PIN 12 
Y OFFSET ADJ © Wk ke @ x OFFSET ADJ 


[vt [15 v [a2v 10k “ 
2N2905A < [4 (Vo1 — Vo2)! LR | 10k | 22k | 
oR Equiv i ea 
-15V 
-15V -15V Sis [4 (Vo1 — Vo2) 


Av- 


FIGURE 14 — OFFSET ADJUST CIRCUIT {ALTERNATE) 
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POT #2 
TO PIN 12 
X OFFSET ADJ 


TO PINS o> 
Y OFFSET ADJ 


CERAMIC PACKAGE 
CASE 632 


OUTLINE DIMENSIONS 


All JEQEC TO-116 dimensions and nates apply. 


eT "fa 
' ae b ne el 


Weight = 1.954 grams 


Circuit diagrams utilizing Motorola products are included as a means is believed to be entirely reliable. However, no responsibility is 


of illustrating typical semiconductor applications; consequently, assumed for inaccuracies. Furthermore, such information does not 
complete information sufficient for construction purposes is not convey to the purchaser of the semiconductor devices described any 
necessarily given. The information has been carefully checked and license under the patent rights of Motorola Inc. or others. 
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Erx. Eny, LINEARITY (%! 


ERROR, PERCENT OF FUL SCALE (%) 


IVx[ OR [Vy], MAX (Vpeak) 


TYPICAL CHARACTERISTICS 


FIGURE 15 — LINEARITY versus TEMPERATURE 


~§5 ~25 0 +25 +50 +75 +100 +125 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 17 — ERROR CONTRIBUTED BY 
INPUT DIFFERENTIAL AMPLIFIER 


Vx = Vy = £10 V Max 
| 4 
13 = 113 = 1.0 mAdc 


Rx OR Ry (k OHMS) 


K, SCALE FACTOR 


ERROR, PERCENT OF FULL SCALE (%) 


FIGURE 16 — SCALE FACTOR versus TEMPERATURE 
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K ADJUSTED TO 0.100 AT +25°C 
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Ta, AMBIENT TEMPERATURE (°C) 
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FIGURE 18 — ERROR CONTRIBUTED BY 
INPUT DIFFERENTIAL AMPLIFIER 


1 
Vx = Vy = 5.0 V Max 
' ' 
13 = 113 = 1.0 mAdc 


6.0 8.0 10 12 14 
Ry QR Ry (k OHMS) 


FIGURE 19 — MAXIMUM ALLOWABLE INPUT VOLTAGE versus VOLTAGE AT PIN 10R PIN 7 


6.0 8.0 


\Va]_ OR |V7{ (VOLTS) 


Ptondiucior Precdiucts Inc. (AK) ———————— 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Applied Voltage 
(V2—V1, V14—V4, V1—-Va, V1-V 12. Vi-Va, 
Vi-Vg, V12—V7. Vg—-V7, Vg—-V7. V4—V7) 


Vi2—Vg 
V4-V8 


Operating Temperature Range 


MC1495 1 0 to +70 
MC1595 -55 to +125 


Storage Temperature Range 


TEST CIRCUITS 


FIGURE 4 — LINEARITY (USING NULL TECHNIQUE) 


0.1 uF 
Ry=27k Ry =75k py 


MC1595L 
(MC1495L) 
MCI741G 
(MC1741CG) 


MC1741G 
(MC1741CG) 


OFFSET 
ADJUST 
SEE FIGURE 13 


SCALE 
FACTOR NOTES: 


ADJUST Adjust “Scale Factor Adjust” for a null in Ve. 
This schematic for illustrative purposes only — 
not specified for test conditions. 
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FIGURE 6 — INPUT AND OUTPUT CURRENT 


Ry=15k Rx = 15k +32 V 


MC1595L 
(MC1495t) 


FIGURE 8 — OUTPUT RESISTANCE 


Ry =15k Rx =15k +32 V 
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e] 
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SCALE 5.0k 
FACTOR 


ADJUST. Ro = [3 
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FIGURE 10 — BANDWIDTH (R_, = 50 2) 
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TEST CIRCUITS (continued) 


VT =+15V 
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FIGURE 7 — INPUT RESISTANCE 


e1 = 1.0 V (rms) 
20 Hz 


Ry=15k Rx = 15k 
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=>  -19V 


FIGURE 9 — BANDWIDTH (Ry = 11 k{2) 


Ry=15k RX=15k 432V00 | 
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FIGURE 11 — COMMON-MODE GAIN and 
COMMON-MODE INPUT SWING 
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FIGURE 30 — AMPLITUDE MODULATION 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


The signal is applied to the unit's Y input. Since the total 
input range is limited to 1.0 volt P-p, a 2.0-volt swing, a current 
source of 2.0 mA and an Ry value of 1.0 kilohm is chosen. 
This takes best advantage of the dynamic range and insures 
linear operation in the Y-channel. 

Since the X input varies between 0 and +1.0 volt, the current 
source selected was 1.0 mA and the Rx value chosen was 2.0 
kilohms. This also insures linear operation over the X input 
dynamic range. 

Choosing RL = 100 assures wide-bandwidth operation. Hence, 
the scale factor for this configuration is 


Rt 
K= RxRylg 
100 
————=y 
(2 k)(1 k)(2 x 10+3) 


4 


A yt ‘ 
40 


The 2 in the numerator of the equation is missing in this scale- 
factor expression because the output is single-ended and ac 
coupled. 

To recover the gain, an MC 1552 video amplifier with a gain 
of 40 is used. An Operational amplifier also could have been 
used with frequency compensation to allow a gain of 40 at 
200kHz. The MC1539 Operational amplifier can be tailored for 
this use; and the MC1520 Operational amplifier does it directly. 


FIGURE 31 — LINEAR GAIN CONTROL 
+12V 
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NOTE: 
Linear gain controt of a 1-volt peak-to-peak signal is 
performed with a 0-to-1-volt control voltage. If Vg is 
0.5 volt the output will be 0.5 volt p-p. 
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OPERATIONS AND APPLICATIONS 
INFORMATION INDEX 


1. THEORY OF OPERATION 
2. DESIGN CONSIDERATIONS 
2.1 General | 
2.1.1 Linearity, Output Error, ErRx or Ery 
2.1.2 3-dB Bandwidth and Phase Shift | 
2.1.3 Maximum Input Voltage 
2.1.4 Maximum Output Voltage Swing H 
3. GENERAL DESIGN PROCEDURES | 
4. OFFSET AND SCALE FACTOR ADJUSTMENT 
4.1 Offset Voltages 
4.2 Scale Factor 
4.3 Adjustment Procedure 
5. DC APPLICATIONS { 
5.1 Multiply 
5.2 Squaring Circuit 
5.3 Divide Circuit 
5.4 Square Root 
6. AC APPLICATIONS O 
6.1 Frequency Doubler 
6.2 Balanced Modulator 
6.3 Amplitude Modulation 
6.4 Linear Gain Control 
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IPASSIVATED MOROLITHEC EPITAXIAL SILLEOR e INTEGRATED microCIRCUITS 


ay “7 STEWARTEVARNEREMIGRUGHGULLSERIUISIONT DUAL RETRIGGERABLE TTL 
OU) am ETM nin 7°; OOS 


The 9602 is a dual TTL Monostable Multivibrator with trigger mode selection, reset capability, 
rapid recovery, internally compensated reference levels and high speed capability. Output pulse PIN ASSIGNMENTS 
duration and accuracy depend on external timing components, and are therefore under user 
control for each application. 

It is well suited for a broad variety of applications, including pulse delay generators, square 
wave generators, long delay timers, pulse absence detectors, frequency detectors, clock pulse 
generators and fixed-frequency dividers. 

Each input is provided with a clamp diode to limit undershoot and minimize ringing induced by 
fast fall times acting on system wiring impedances. 


FEATURES 
e RETRIGGERABLE, 0 to 100% duty cycle. 
e D.C. LEVEL TRIGGERING, insensitive to transition times. . 
COMPLEMENTARY INPUTS, for “leading edge” or “trailing edge” triggering. 
e COMPLEMENTARY OUTPUTS, with active pull-ups for driving load capacitance. 
PULSE WIDTH COMPENSATION for Vec and temperature variations. 
50 nsec TOoo OUTPUT PULSE WIDTH RANGE. 
OPTIONAL RETRIGGER LOCK-OUT CAPABILITY. 
RESETTABLE, for interrupt operations. 


SCHEMATIC (12 of circuit shown) 
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Output High Voltage 


a ~~~ STEWART-WARNER MICROCIRCUITS 
DUAL RETRIGGERABLE RESETTABLE MONOSTABLE MULTIVIBRATOR 


Ta = —55°C to +1259°C, Veo = 5V + 10% 


Vec =45V; lou =-1.0mA® 


Output Low Voltage 


Vec =4.5V; lor = 12.8mA® | | 


Input High Voltage 


Vec = 45 ye 


Input Low Voltage 


Vee = 55 yo . 


Input Load Current 


~ Vee = 5.5V;Ve =O08V 


Input Leakage Current 


Vee = 5.5V; Ve = 4.5V 


Short Circuit Current 


Veo = 5.0 V; Vour =1.0V © 


Quiescent Power Supply Drain. _ 


Vee = 5.5 V; Ground pins 5 and 11 7 


Pin 2(14) to Ground 


Output High Voltage — 


Output Low Voltage 


Input High Voltage — 
Input Low Voltage 
input Load Current 


nput Leakage Current 


Vec = 5.25 V; Ve = 45V 


hort Circuit Current 


Vec = 5.0 V; Vout =10 y® 


Quiescent Power Supply Drain : 


Vec = 5.25V; Ground pins Sand11 


Max. Allowable Wiring Capacitance Csmay 
Timing Resistor Rx 


Pin 2(14) to Ground 


NOTES: © Unless otherwise noted, 10K@ resistor placed between Pin 2(14) and Vcc, for all tests. (Rx). 
® Ground Pin 1(15) for Vo. @ Pin 7(9) or Vox @ Pin 6(10) or Isc @ Pin 6(10). Open Pin 1(15) for Vor @ Pin 6(10) or Vou @ Pin 7(9) or Isc @ Pin 7(9). 
® Pulse test to determine Vin and V,. (minimum P.W. 40 ns). 


DYNAMIC TEST SPECIFICATIONS 


f <_< 
PULSE : > 
GENERATOR - Q OUTPUT _ 
100KHz 
40nsec 7 — tpd— 
tr, tr <10nsec “4 3(13) nti 


_ Note: Capacitance includes probe and jig. 
Veco=5.0V, Ta=+25°C 


CHARACTERISTIC SYMBOL LIMITS unit) Rx 
| MIN, | MAX | ko 
J 1S 5.0 0 


Negative Trigger Input to True Output 


| tpd+ | ja 
Negative Trigger Input to Complement Output ns 
Minimum True Output Pulse Width . ns 
pes 


Pulse Width Variation 


‘ 


_ FUNCTIONAL BLOCK DIAGRAM 


Positive 
4(12) Trigger 


Negative. 
(11) Trigger 


OPERATING NOTES 


1. TRIGGERING — can be accomplished by a positive-going transition 
on pin 4(12) or a negative-going transition on pin 5(11). Triggering 
begins as a signal crosses the input Vit:ViH threshold region; this 
activates an internal latch whose unbalanced cross-coupling causes 
it to assume a preferred state. As the latch output goes low it dis- 
ables the gates leading to the Q output and, through an inverter, 
turns on the capacitor discharge transistor. The inverted signal is 
also fed back to the latch input to change its state and effectively 
end the triggering action; thus the latch and its associated feed- 
back perform the function of a differentiator. 

The emitters of the latch transistors return to ground through an 
enabling transistor which must be turned off between successive 
triggers in order for the latch to proceed through the proper se- 
quence when triggering is desired. Pin 5(11) must be high in order 
to trigger at pin 4(12); conversely, pin 4(12) must be low in order to 
trigger at pin 5(11). 


2. RETRIGGERING — In a normal cycle, triggering initiates a rapid 
discharge of the external timing capacitor, followed by a ramp voltage 
run-up at pin 2(14). The delay will time out when the ramp voltage 
reaches the upper trigger point of a Schmitt circuit, causing the 
outputs to revert to the quiescent state. If another trigger occurs 
before the ramp voltage reaches the Schmitt threshold, the capaci- 
tor will be discharged and the ramp will start again without having 
disturbed the outputs. The delay period can therefore be extended 
for an arbitrary length of time by insuring that the interval between 
triggers is less than the delay time, as determined by the external 
capacitor and resistor. 


3. NON-RETRIGGERABLE OPERATION — Retriggering can be inhibited 
logically, by connecting pin 6(10) back to pin 4(12) or by connecting 
pin 7(9) back to pin 5(11). Either hook-up has the effect of keeping 
the latch-enabling transistor turned on during the delay period, which 
prevents the input latch from cycling as discussed above in the sec- 
tion on triggering. 


4. OUTPUT PULSE WIDTH — An external resistor Rx and an external 
capacitor Cx are required, as shown in the logic diagram; to minimize 
Stray capacitance and noise pickup, Rx and Cx should be located as 
close as possible to the circuit. In applications which require remote 
trimming of the pulse width, as with a variable resistor, Rx should 


Vec 16 
1 


| 
Rx= (Schmitt 


consist of a fixed resistor in series with the variable resistor; the 
fixed resistor should be located as close as possible to the circuit. 
The output pulse width T is defined as follows, where Rx is in Ka, Cx 
is in pf and T is in nanoseconds. 


T = 0.35 Rx Cx(1 + oe (for Cx > 10° pf) 


The values of Rx may vary from 5.0K to 50K for 0° to +125°C 
operation, and 5.0K to 25K for —55° to +0°C operation. Cx may 
vary from 0 to any value. 


5. SETUP AND RELEASE TIMES — The setup times listed below are 
necessary to allow the latch-enabling transistor to turn off and the 
node voltages within the input latch to stabilize, thus insuring proper 
cycling of the latch when the next trigger occurs. The indicated re- 
lease times (equivalent to trigger duration) allow time for the input 
latch to cycle and its output signal to propagate. 


2.5V 


Input to Pin 5(11) 
Pin 4(12) =0 
Pin 3(13) =1 


Input to Pin 4(12) 
Pins 5(11) and 3(13) =1 


ti,t,= Setup time > 40 ns 
to, t3 = Release time > 40 ns 


pd ; 
y Pin 6(10) J 


§. RESET OPERATION — A Sow signal on Cop, pin 3(13), will terminate 
an output pulse, causing Q to go low and Q to go high. As long as 
Cp is held low, a delay period cannot be initiated nor will attempted 
triggering cause spikes at the outputs. A reset pulse duration, in 
the low state, of 25 nsec is sufficient to insure resetting. If the reset 
input goes fow at the same time that a trigger transition occurs, 
the reset will dominate and the outputs will not respond to the 
trigger. If the reset input goes high coincident will a trigger transi- 
tion, the circuit will respond to the trigger. 


MAXIMUM RATINGS (beyond which device life may be impaired) 


Vcc Pin Potential to Ground —0.5V to +7.0V 
Input Voltage (D.C.) —0.5V to +5.5V 
Input Current —30 mA to +5.0 mA 
Voltage Applied to Output when Output is High OV to +Vcc value 
Current Into Output when Output is Low 30 mA 


—55°C to +125°C 
0°C to +75°C 
—65°C to +150°C 


Operating Temperature Range (Military-1) 
Operating Temperature Range (Industrial-2) 
Storage Temperature 


l STEWART-WARNER MICROCIRCUITS 
4 ~ 4 DUAL RETRIGGERABLE RESETTABLE MONOSTABLE MULTIVIBRATOR 
a ee 


PULSE GENERATOR ; PULSE WIDTH VERSUS TEMPERATURE 


1.u4 


PULSE WIDTH RELATIVE TO +25°C 


7 : Oo [ | 

= 25 0 25 7 
The first one-shot is hooked up in a free-running configuration, with a fre- —% ~ A = M +20 = — o 
quency determined by Rxi and Cy1. The second one-shot determines the MBIENT TEMPERATURE, Ta °C 
output pulse width. If the Rx2 x Cx2 product exceeds Rx] X Cx, the second With 10KQ metal-film resistor and 1000 pf dipped mica capacitor, at the 


one-shot will be continually retriggered and its outputs will remain constant. same ambient temperature as the device under test. 


RETRIGGER LOCKOUT 
Rx 


ose cm a a a eC 
cc 

ero me —— delay time —— = - t) > 40nsec 

0 OUTPUT 7 4 \ 


OUTPUTS 
7 Feedback from pin 7 to pin 5 prevents retriggering by not allowing the triggering latch to re-cycle; connect- 
ing pin 6 to pin 4, with the trigger applied to pin 5, achieves the same effect. This same configuration can 
be used as a fixed-frequency divider or as a means of detecting when an input frequency exceeds some 
preselected value. 
PULSE WIDTH VERSUS Rx AND Cy (For longer delay times, multiply the time scale and the indicated capacitor values by powers of 10) oO 


50K 1 
40K A 
20K 
" Wal 
10K a = = i 


5K 
50ns 100ns 500ns Tes 5s 10 ps 50 ps 100 ps 500 1s Ims 
PULSE WIDTH 


PACKAGE DIMENSIONS 0160 0180, 


(IN INCHES) yo See u , | MAX max 


Mec:an package weight 2 grams 
Materats 

Case — Ceramic and Glass 
Leads — Plated nickel alloy 
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Printed inUSA 


GENERAL INSTRUMENT 


a 


AA THten. IMS Peay 


atin. 


HIGH POWE 
GLASS SILICON DIODE 


FEATURES 


Glass, hermetically sealed 


Diffused junction construction 


Available to most current JAN specifications 
e Wide temperature range 

e High efficiency and rectification ratio 

e Ideally suited for miniaturized equipment 


MECHANICAL DATA ; 
aispeatee antec custectaatimeniniaeareanatesiea DO-7, Glass, hermetically sealed 


TORMIM AS 8 siacicsdiesoncitnasvamndescnraetmaanegencanuts saan MDs amet retetattex Tinned axial leads 
Mounting Position...........0000...08 srteapaetyareeoet pee taste ase tai ca et naemsnareerrenee eae Any 
PLAGUE a cpserrxaiyrtern oe teen etetapeae dent dncaonestetamessatepinaenrmusl Color band denotes cathode end 
WO BE Biss secosemtiesstee conrad aniieene senna aetuavennedvonaemeapenms cmeatttnannamtmmmeeientt .007 ounces 
Operating Temperature... ahcaeamamauasiea’ —65°C to +175°C 
Storage Tem perature gir nercscvet, nomnemmmnemnnnnerarsmmtencnne cepa —65°C to +200°C 


ELECTRICAL DATA 


ING49 


thru 


ING48 


PRV RANGE 
225 Volts to 600 Volts 
GULRENT 
400 mA at 25°C. 
150 mA at 150°C 


o20--{}- 1.250 MIN. 
tL 


105 MAX: 


1.250 MIN. 


MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS 


MAXIMUM AVERAGE MINIMUM 


TYPE RECTIFIED CURRENT | SATURATION | 
NO. VOLTAGE 
mA* at 100°C 


at 25°C | at 150°C 


1N645 400. | 150° 


MAXIMUM REVERSE 
CURRENT 


at PRV 


MAX FWD 
VOLTAGE 
DROP 
at 400 mA DC 
at 25°C 


*1N645 225 400 150 

1N646 300 400 150 

1N647 400 400 150 

*1N647 400 400 150 

1N648 500 - 600 1.0 
~IN649.-|~—«G00 | 0 10 

sites —| a 400 Ts =a: | = j 25 10 


* Resistive or Inductive Load 
%& MIL-S-19500/240 B Types 
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MAXHAUM AL CRAGE FORWARD CURRER: CATING 
(RESISTIVE Gio PSDUCTIVE,.LCAD SINGLO PHATE, CC Hz) 
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AMBIENT TEMPERATURE — °C Fig. 1 
TYPICAL FORWARD CHARACTERISTICS 
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INSTANTANEOUS FORWARD VOLTAGE — Volts 
TYPICAL REVERSE LEAKAGE CHARACTERISTICS 
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INSTANTANEOUS REVERSE VOLTAGE — Volts 
a 
‘ ar Se sepem ° r 6 =. <* ¢ ri enmay Pan = . ’ roe SN ts. 
SF a bed ete LNs i ee 6G oe ees Se gets Pemi Sires 
“Beat, se Soyct os DEN EDR Ld 
Easte:n Arca Ssles !eadquatiars, 253 Passaic St., Newark, H. J. 07104, (201) HU 5-0072 65 Gc-verneur Street 


Newark, fiew Jersey 07104 
(261) 485-2100 


Contial &roa Sales faz 


“Tictomm drea Sales Nea 


‘ters, 6054 Vest Touhy Ave., Chicago, II. 60548, (312) 774-7890 
vartors, 6103 West Venice Blvd., Los Angeles, Calif. ©0034, (213) WE 2-7261 


Gg 


9 ms my ENCE SY OY Lt Walia CUKSw 
r / \ / \\" IIONOT OA SS | 
IM | | TAIAOOT 


“ti ca 


eS 1NAOOT 


“SURMETIC’'t RECTIFIERS 
DIF 


subminiature size, axial lead mounted rectifiers for general 
purpose low-power applications. 


Designers Data for ‘‘Worst Case’’ Conditions 


The Designerst Data Sheets permit the design of most circuits entirely from the 
information presented. Limit curves — representing boundaries on device charac- 
teristics — are given to facilitate “‘worst case”’ design. - 


MAXIMUM RATINGS 


—- 1 nN 
- 3/3 
Characteristic Symbol | 3] = 
=z =z 
Peak Repetitive Reyerse Voltage Vam(rep) 
Working Peak Reverse Voltage Vm (wkg) 100 
DC Blocking Voltage VR 


Non-Repetitive Peak Reverse Voltage Vv. 


(halfwave, single phase, 60 Hz peak) 1900/);1200 


420 | 560 | 700 


RMS Reverse Voltage Vv 70 


Average Rectified Forward Current 
(single phase, resistive load, Ip 
60 Hz, see Figure 6, Ty = 75°C) 


Non-Repetitive Peak Surge Current 
(surge applied at rated load I 
conditions, see Figure 2) FM(surge) 


30 (for 1 cycle) 


Operating and Storage Junction T 


Temperature Range r -65 to +175 


Characteristic and Conditions 


Maximum Instantaneous Forward Voltage Drop 


LEAD MOUNTED 
SILICON RECTIFIERS 


50-1000 VOLTS 


FUSED JUNCTION 


MARCH 1967 — DS 6015 R1 


(Replaces DS 6015) 


ty s1os So 
LOOPNL "UR LOOdIL 
S$U31SIL93Y NODS 


sm 
W 


1 0030 
1.10 oosa 
MIN 


(i_ = 1.0 Amp. Ty. 25°C) Figure 1 
0.185 
Maximum Full-Cycle Average Forward Voltage Drop 0.205 
(I, = 1.0 Amp, Ty = 75°C, 1 inch leads) 
‘Maximum Reverse Current (rated de voltage) T, = 25°C 
| T= 100°C 
ie 
| POLARITY MARK 
Maximum Full-Cycle Average Reverse Current (CATHODD 
(lg = 1.0 Amp. Ty = 75°C, 1 inch leads) 
1.10 
MIN 


MECHANICAL CHARACTERISTICS 


CASE: Void free, Transfer Molded 


MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C, %&” from 
case for 10 seconds at 5 Ibs. tension 


FINISH: All external surfaces are corrosion-resistant, leads are readily solderable 
POLARITY: Cathode indicated by color band 
WEIGHT: 0.40 Grams (approximately) 


t Trademark of Motorola Inc. 
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CASE 59 
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FIGURE 4 TYPICAL TRANSIENT THERMAL RESISTANCE 
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PW, PULSE WIDTH {ms) 


FOR @yiiy) VALUES AT PULSE WIDTHS LESS THAN 3.0 ms, THE ABOVE CURVE 
CAN BE EXTRAPOLATED DOWN TO 10 ps AT A CONTINUING SLOPE OF 1/2 
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CURRENT DERATING DATA 


FIGURE 5—LEAD TEMPERATURE DERATING (DC ONLY) 


Ie, FORWARD CURRENT (AMP) 
- 
= 


0 20 = 40 60 80 «6100 «6120 140 «160 =6180 
T,, LEAD TEMPERATURE (°C) 


FIGURE 7 — CAPACITIVE LOADS 
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FIGURE 8 — STEADY-STATE THERMAL RESISTANCE 
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Oy, THERMAL RESISTANCE, JUNCTION-TO-LEAD (°C/W) 
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FIGURE 6 — RESISTIVE, INDUCTIVE LOADS 
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NOTES 


NOTE 1 

Data shown for thermal resistance junction-to-ambient (9,4) for the mountings 
shown is to be used as typical guideline values for preliminary engineering or in 
case the tie point temperature cannot be measured. 


TYPICAL VALUES FOR 4y, IN STILL AIR 
4 


Ye 


P.C. BOARD 
MOUNTING METHOD 1 


*Using Mounting Method 1 or 2 with L = 1” the curve marked ® in Figure 
6 can be used for 60 Hz half-wave resistive/inductive load (Rating vs. 
Ambient Temperature). The abscissa of Figure 6 then indicates T, in °C. 

NOTE 2 

Pok Pot 


DUTY CYCLE, D = t,/ty 


t= PEAK POWER, Poy, is peak of an 
equivalent square power pulse. 


To determine maximum junction temperature of the diode in a 
given situation, the following procedure is recommended: 


The temperature of the lead should be measured using a thermocouple placed 
on the lead as close as possible to the tie point. The thermal mass connected to 
the tie point is normally large enough so that it will not significantly respond to 
heat surges generated in the diode as a result of pulsed operation once steady- 
state conditions are achieved. Using the measured value of Ty, the junction 
temperature may be determined by: 


Ty = Th ae AT, 
where A Ty is the increase in junction temperature above the lead temperature. 
It may be determined by: 
AT = Por} Ost) °D + (1 - Dis Bait, +t + Bs) ~ Bait | 


where @y.4t) = value of transient thermal resistance at time t, i.e.: 
Outi, + tp) = value of Os. (1) at time ttt, 
Oscitp) = Value of Ay. 4.) at end of pulse width t, 


Bsc tryy = Value of Osigry at time ey 
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TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 9 — FORWARD RECOVERY TIME FIGURE 10 — REVERSE RECOVERY TIME 
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tyr, FORWARD RECOVERY TIME (2.9) 
te, RECOVERY REVERSE TIME (;xs) 


: 1.0 
0.1 02 03 05 07 10 20 3.0 5: 10 0.1 0.3 05 07 LI 50 7.0 10 
Ig, FORWARD CURRENT (AMP) In/tg, DRIVE CURRENT RATIO 
FIGURE 11 ~ RECTIFICATION WAVEFORM EFFICIENCY FIGURE 12— JUNCTION CAPACITANCE 
| feiss —] a= 
} {| | pata NORMALIZED = =o 
TO 1.0 kHz VALUE a I 
tt ttit r 
s S | i: 
2 ce = ae 
= So 
5 z il <3 
S 5 = : 
S = = = 
Ss Fas} = = 
8 cS ed Hy 
Bld iz 
ch 
‘10 20 30 507.0 10 20 30 50 70 100 200 h 3 0. 
REPETITION FREQUENCY (kHz) Vp, REVERSE VOLTAGE (VOLT) 
RECTIFIER EFFICIENCY NOTE 
FIGURE 13 — SINGLE-PHASE HALF-WAVE RECTIFIER CIRCUIT : _ ‘ ‘ 
mR, 
- (sine) = v * 100% = sy ' 100% = 406% (2) 
R } 7 
One me: Yo - fe 
} : fora square wave input of amplitude V,,, = aR, 4 ore 
sd the efficiency factor becomes: (square)? ia 
Re 
ae ae a . (A full wave circuit. has twice these efficiencies) 
The rectification efficiency factor o shown in Figure 11 was calculated using the . sR apd . . 
formula: As the frequency of the input signal is increased, the reverse recovery time of the diode 
: Votde) (Figure 10) becomes significant, resulting in an increasing ac voltage component across 
ont 2 R. which is opposite in polarity to the forward current, thereby reducing the value of the 
o= Pac = Re, , = __ Voldd -100% (2) efficiency factor, as shown on Figure 11. 
§ 2 2 2 
meV olrms) Volac) + V olde) It should be emphasized that Figure 11 shows waveform efficiency only; It does not 
Ry provide a measure of diode losses. Data was obtained by measuring the ac component of 
For a sine wave input V,, sin (cut) to the diode, assumed losstess, the maximum theoretical Vo with a true rms ac voltmeter and the dc component with a dc voltmeter. The data was 
efficiency factor becomes: used in Equation 1 to obtain points for Figure 21. 
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LiINGUOS: 
ULTRA FAST— LOW CAPACITANCE PLANAR* DIODE 


MAXIMUM RATINGS (25°C) [Note 1] 


wiv Working Inverse Voltage 50 Volts PHYSICAL DIMENSIONS 
I, _ Average rectified current 75 mA Ali simian bores in eee) 

le Forward current steady state d.c. 115 mA 

ir Recurrent peak forward current 225 mA 

i, (surge) Peak forward surge current pulse width of 1.0 Second 500 mA 

ir (surge) Peak forward surge current pulse width of 1.0 «Second 2000 mA 

P Power dissipation 250 mW 

P Power dissipation at 125°C 100 mW 

Ta Operating temperature = —65°C to +150°C 

Tato Storage temperature, ambient ~ 65°C to +175°C 


ELECTRICAL SPECIFICATIONS (25°C unless otherwise noted) 


SYMBOL 


CHARACTERISTIC UNITS TEST CONDITIONS 
Forward Voltage 1.0 Volt lz = 10mA 


Ir Reverse Current 0.1 nA Ve = —50V 

lk Reverse Current (150°C) 100 pA vy. = —50V 

BY Breakdown Voltage 75 Volts Ik = 5.0 pA 

tee Reverse Recovery Time {Note 2] 4.0 ns |, = 10mA 
|, = 10 mA WV, = 1.0V) 
R. = 1002 

Vie Forward Recovery Peak Voltage [Note 3] . 3.0 Volts Ir = 100 mA pulse 

C. Capacitance [Note 4] 2.0 pF Ve = OV f= 1.0 MHz 

Rectification Efficiency {Note 5] 45 % f = 100 MHz 


Forward Voltage Temperature Coefficient -1.8 mV 


*Planar is a patented Fairchild process. 


NOTES: 

(1) The maximum ratings are limiting values above which life or satisfactory performance may be impaired. 

(2) Recovery to 1.0 mA in E. G. and G. circuit. : 

(3) The oscillascope used as the response detector shall have a band width of at least 10 MHz (3.0 dB down), and shall be calibrated using a deposited carbon resistor of 50 ohms in the 
diode test clips. t,, is defined as the difference between the 10% point of the pulse and the point where V, is to within 10% of the quiescent value. Pulse condition shall be 0.1 ns 
wide at base, 20 ns maximum rise time, repetition rate — 100 KHz maximum. 

(4) Capacitance as measured on Boonton Electronic Corporation Model No. 754-S8 Capacitance Bridge or equivalent. 

(5) Rectification efficiency is defined as the ratio of dc load voltage to peak rf input vollage to the detector circuit, measured with 2.0 V rms. input to the circuit. Load resistance 5.0 
KQ, load capacitance 20 pF. 
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' fo Type No. 
P/N ONE 3 if ate rm 34 P| 4 5 AY a: 
samiech. silicon rectiviers sai 
Aran C2 Date 
© “TMMNSIae” (AS FESCVEFY 


TENTATIVE DATA SHEET 2A 


Tucan 2 | — - — 


———— eh ——— Semtech Corporation offers "MINISTAC" a 


3,000 T0 7000 VOLTS Sub-Miniature multipurpose high voltage es 
<i silicon rectifier. Cylindrical in design y 
NANOSEC. REVERSE RECOVERY with insulated case and nickel leads for Go . 
~ m simple handling and installation, Better 6 
UNIQUE CONSTRUCTION electrical characteristics obtained by 
r iC SEAL Semtech's unique: construction. Hermetically LA 
‘UGGED HERMET ___. sealed and designed to meet requirements of rs gw 
military, industrial and consumer=product ‘ 
applications. Ideally suited for low cur- jf 
rent high voltage applications and multi- " 
plier circuits.- 
TYPE PEAK AVERAGE MAX, 
NO, INVERSE STATIC. FWD RECTIFIED JUNCTION 
VOLTAGE | VOLTAGE @ CURRENT CAPACI TANCE 
10 MA @ 100 VOLTS 


Be |vors | vars | 55°c foo’ fis0°% | 25°c fico’ | ames | amps | nsec. — |PicorARAns 


SFM30 | 3000 15 10 5 0 -100 | 2.0 Z -100 100 1.0 
SFM40 | 4000 15 10 2 0 100 | 2.0 2 . 100 100 1.0 
SFM50 } 5000 15 10 5 0 -100 | 2.0 2 .100 100 1.0 
SFM60 | 6000 15 10 5 0 100 | 2.0 2 . 100 250 1.0 
SFM70 | 7000 15 10 5 0 100 | 2.0 2 - 100 250 1.0 
Operating and Storage Temperature -55°C to +150°¢ \ <020' 5,001 
: ae J ee, 
im i a 
| 4-400 Le | 
. [L005] 
@ Recovery conditions: 5 MA forward current 2.4 t1/|6 a 
to 10 MA reverse current. 
Recovery time measured when rectifier { | 
wa * 
recovers to 2.5 MA. ah Sot wi C).! 20 4.002 
5 ow etl iz 
STW VY WS v4 ag ¥ 24 


Semtech reserves the right to change specifications without notice. 
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Located in Rancho Conejo Light Manufacturing and Research Center 


/ us ni ghee ee 
[ay 
]/ The industry’s most extensive line of zener diodes 
Case 54 Case 55 covering a complete range of power categories (from 
250 mW to 50 W) and voltages (from 1.8 to 200 V). 
Case 51 -* 52 All diodes are 100% tested for conformity to 4 different 
specified characteristics. 
Standard units are available with voltage tolerances 
° of +5%, +10%, and +20%, but Motorola can supply 
nonstandard devices to meet virtually any zener-diode 
requirements. 
' Case 56 Case 17 Case 59 
Tee 1 — ZENER DIODES 
FT ‘Nominal Test Max Imped.! 1 } ee “Nominal oT Test ee Ge i. ~~ T Nominal ‘ Test ~T Max imped. | 
: Voltage Current Zzt @ tat 1 1 } Voltage Current 2zt @ zt : Voltage } Current | Zz @ Int 
Wz @ In Int Ohms / } | Wz @ In Izr Ohms j 'We@tzr | tar | Ohms 
TYPE | Volts mA A as! (Note 6) | ; TYPE Volts mA (Note 6) i TYPE j Volts ole mA | (Note 6) ' 
i as eines “| 4 
Table la — 250-mW (Low Noise) Table 1b -- 400-mW ! 4NS87* | 120 10 | «900 | 
CASE 51 (B0-7) (Note 2) CASE 5% (D0-7) / 1NS8B* | 130 0.95 1100 
pieces eau os RET ete ee ee ee 
1 Mzas14 18 | 0.250 1200 | |; (Note 1) | } | eS % . 
MZ4615 2.0 | 1250 : 1N4370* 24 | 20 | 30 | ; INggT* | 180 | 0.68 | 2200 
Mz4616 22 | 1300 | 1N4371* 27 | 30 1 ¥N992 200 0.65 | 2500 | 
Mz4617 26° | 1400 1N4372* 3.0 | 38 L sie a so] 
MZ4618 a (re ae | a ee ae | | 28 
| MZ4618 3.0 1600 fe jj" __+-—}—'-.4_| Table 1c — 500-mW 
i Mz4620 33 1650 | | 1N748¢ 39 | ag CASE 51 (00-7) 
wz4621 | 3.6 1700 in7age =| 43 | 3D | Satcher: = 
mz4622 | (3.9 1650 | — 1N750* a7 | 45 | 
| M24623— ij 4.3 1600 | Ct Eee | a j 17 | (Note 5) | | i 
Pre — = ene |e — i 5) | 7 ! ' 
mzas2g ta? L 1550.) a Nt | ee a a 
MzZ4625— 5.1 |} 1500 | ; 1N753* 6.2 7.0 | | 4N5223 | 27 OW ! : 
wae ae | We |g et ee eee 
: | ; Hoa 4 7.5 6.0 | ; { 
no | | IN756* |B | BO; fb inezas {30} ft 8 
1N4099 68 a ae ae Le eee ee eet witha el | ine | 3g | i 2B | 
: ‘ i a 1N5227) 36 |. 24 
iNai01— 32! | , INTSBY | 10 | | 7 | i 4n5228 «| | 39 ' 23 
1N4102 B7 | | a INUOD. a mle » 1N5229 a3 22 | 
iNg103, 8.1 t. motes) | | ape a | | 1N5230 ee ee Cee 
 INQ57 : . : , oi | 
ates | ne ee ee an 
ieee fe BG ett an rc eee Ae | 1N5233 Bo | , 20 | 
| 10 | 12.5 85 | : 1N5234 5 62 | 59 
1N490B 4 | 1NS61 : = : uae |) 4N5235 ee { i oo 
1N4109 i 100 1N962* 11 | 215 : * alee eas ada (ee iat | 
1N4110 16 | |, iNgege j 212 | 10.5 an eet os 6.0 | 
1NQ411 7 | | ; | anges | 2300 | 85 UB | 1NS230 oe Be 
1N4112 is 1N955* > FSS is || 4N8239 cd | 89 
1N4113 _ 19 — 150 1NS66* . Manel’ ar, | 4N5240 ia 0 
yatta 20 ] iNge7* 18 | 7.0 | 21 ! —1NS2410 | 1d j 221 
20 | 6. ta ee cae ee 
1N4116 24 | ee 22 en 30 
1N4117 250 | ‘Ineo: | 20 | 52 33 iieeaa 1300) 945 13°C 
ae 27 , / 1N971* 2700 | AG at ! 4N5245 is : ps i ie! 
28 | i = a ee 1N524 ; 
1N4120 30 | — 1N972* 300 | 42 | a ee a ee ad 
1NG421 33 1N973¢ 3300 | 3.8 98 4ns24a7 | 7 | 74 19 
1N4122 36 1ng74* | 36 ; 3.4 7 | 1N5248 is | 21 
1N4123 39 1NS75* 39 ; 3.2 80 { 1N5249 19 | 66 23 
= '  IN976* 43 3.0 | 93 1N5250 20 6.2 25 
1N4124 43. CS! 250 | Sac P 1N5251 | 22 5.6 29 
1N4125 47 250 Naas 47 2.7 105 ae 
1N4126 51 300 ANT Ae 51 35 125 1N5252 24 5.2 33 
1h4a27 56 300 tates 56 22 | «150 1N5253 25 5.0 35 
1N4128 60 400 1N980* 62 20 | 185 © INS254 27 46 41 
1N4129 62 500 1NgBI* #8 a ce iNS236 30 a3 Fe 
1N4130 68 700 - ae a age 30 4.2 49 
1N4134 75 700 1N982* . ! 
1N4132 82 800 1N983* 82 1.5 330 iNS238 2 34 3 
1N4133 87 1000 iN984* 91 1.4 409 1N5259 39 32 | ~~ Bo 
1N4134 91 1200 1N985° 100 13 pod 1N5260 43 30 93 
1N4135 100 1500 ingag* | 110 11 750 1N5261 4] 2.7 105 


See notes on page 3. 


*5.0% tolerance types available as JAN/JANTX and "‘Meg-A-Life It” units. 
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| ~~ T Neminat Test “Max Imped.” 

! Voltage pallet | Zz @ lar | 

| Vz @ Iz | Ohms 
we | Volts mm _ Mote 6) | 


Table 1c cont'd — 500-mW 


CASE 51 (D0-7) 


f= a Saas er ee So aes ee 

: 1N5262 51 25 | 125 

: 1N5263 56 2.2 150 
1N5264 60 2. 170 

: 1N5265 62 2.0 185 

: 1N5266 68 1:8 230 
1NS267 | 75 17 | 270 | 
1N5268 g 8, 15} 330 | 
1n5269 | 87 14 | (370 | 
1N52700 91 14 | 400, 
4N5271 100 13 | =~ 500 

: 1 

| 4N5272 110 il | 750 

'4N5273 | 120 1.0 900 

' 1N5274 130 0.95 1100 
1N5275 140 0.90 1300 
1N5276— i} 500 | «(8.85 — |S 1500 
1NS277, | «160s; sO. 80 1700 | 
1N527B) | = 170; «(0.74 1900 
1N5279 «180s | «0.68 =| S200 
1N5280 199 | 066 , 2400 
1N5281 ; 200 | 0.65 


Table 1d — 1.0-WATT SURMETIC 


CASE 59 


(Note 1) \ 
1N4728 3.3 / 76 , 100 , 
1N4729, | 3.6 69 10 
1N4730 3.9 | 64 | 90 | 
1N4731 4.3 58 | 90 | 
1N4732 4.7 | $3 j 8.0 
1N4733, 5.1 | 4g 7.0 
1N4734 5.6 45 js 5.0 
1N4735 6.2 i 42 | 2.0 | 
1N4736 6.8 | 37 35} 
1N4737 75 | 34 i 4.0 | 
1 if 
1N4738 a2 | 31 as! 
* 1N4739 | 9.1 28 5.0 |! 
1N4740 10 25 7.0; 
1N4741 11 | 23 8.0 
1N4742. 12 ; 21 9.0 | 
1N4743 13 19 i 10 
1N4744 15 , AD 4 14 
IN4745 16 15.5 16 OC 
1N4746 18 14 ’ 20 
1N4747 f 20 122.5 ! 22 

t rH i) 
1NQ74B 22 150 23 
1N4749 24 105 | 25 | 
1N4750 27 9.5 35 
1N4751— 30 85 | 40 | 
1N4752 33 7.5 45 

1 7 
JN4753.—, 36 7.0 50 
1N4754 39 , 65 60 
1N4755 43 6.0 70 
1N4756 47 5.5 80 
1N4757— sj 51 5.0 95 
1N4758 56 4.5 110 
1N4759 62 4.0 125 
1N4760 68 37 150 
1N4761 75 3.3 175 
1N4762 82 3.0 200 
1N4763 91 2.8 250 
1N4764 100 2.5 350 
1M1102S10 110 2.3 450 
1M1202S10 120 2.0 550 
1M1302810 130 1.9 700 
1M150ZS10 150 1.7 1000 
1M160ZS10 160 1.6 1100 
1M1802S10 180 1.4 1200 
1N12007S10 200 1.2 1500 


See notes on page 3. 


~ [Nominal Test Max tmped,] 


Voltage 1 ah i Zzt @ Izr | 
Vz @ Iz Ohms 
TYPE Volts ie (Note 6) 


Table le — 10-WATT 


CASE 52 (D0-13) 


i | 

| (Note 1) 

| 1N3B21* 3.3 10 
1N3B22* 3.6 10 

: 1N3823* 3.9 9.0 

| 1N3824* 4.3 9.0 | 

: 1N3825* =| 4.76 53 80 | 

4nga26* | 5.1 49 | 7.0 | 

| in3827* | 5.6 45 5.0 | 

| 1N3828* 6.2 41 2.0 

'1N3829 | = «6.8 | 37 5 | 

'4N38300 | 7.5 34 15 | 

ie it hae ~ , a ee 

j (Note 3,4) | 
1N3016* | 6.8 37 3.5 

| 1N3017¢ 7.5 34 4.0 

| 1N3018* 8.2 31 4.5 

'4nagoi9s | | 9.1 or 

' 4N3020* | a re | 

lingozt* | Il 23 | #80 | 

' 4N3022* 12 21 | 9.0 

| 1N3023* | 13 19 10 

| IN3o24* | 45 7 | 

1 1N3025* | 16 15.5 | 6 

| INgoz6* | 18 | 14.0 | 20 | 

' 4N3027" | 20 | 12.5 22 

| ¥N3028° 22 | «(ns 23 
1N3029* | 24 | 105 | 25 | 
1N3030* 27 9.5 35 | 
1N3031* 30 8.5 | 40 

/1N3032* | = 33 | 7.5 45 | 

/4N3033* | 36 | 7.0 50 
1N3034* = 39s] 5 60 
in3zo3s* | = 43, | 6.0 70 

tape |g ae |g 

.t \ 

-1N3038* | 56 | 45 110 | 
1N3039" , 62 | 4.0 125! 
wnzog0" OB} 7150 | 

| IN3041* | 3% | #33 | as | 

_ 13042" 8 | 30 | 200 | 

a a 

1 4nzoas* | 110 | 23 | 450 | 

‘ynzoge* | 120 | 20 | 550 | 
1N3047" | «9130 | «619 | 700 

| 1N3048" | 150 | 17 1000 | 

, 1N3049* 10 | 16 | 1100 | 
1N3050* 180 | (14 1200 | 
1N3051* 200 «=| «61.2 | «1500 | 

Table 1f — 1.5-WATT 

CASE 55 
(Note 3) j 
ae 8B 

; : 50 3.0 
1N3787, |B} 4G 3.5 

, 1N3788 9.1 41 40 | 
1N3789 0 f a7 4 58 
1N3790 11 3406 | GO | 
1N3791 12 31 7.0 ; 
1N3792 1330029 80 | 
1N3793 1 | 8S io 
1N3794— 16 i 28! li 
1N3795 ' 18 21 13 
1N3796 i 20 19 15 
1N3797 22 ' 17 16 
1N3798 24 i 16 17 
1N3799 : 27 14 20 
1N3800 { 30 12 1 25 
1N380! 33 11 30 
1N3802 36 10 35 
1N3803. , 39 10 40 
1N3804 43 9.0 45 
1N3805 7 8.0 55 
1N3806 51 7.4 65 
1N3807 : 56 ‘ 6.7 75 
1N3808 62 ’ 6.0 85 
1N3809 68 5.5 95 


*5.0% tolerance types available as JAN/JANTX and ‘‘Meg-A-Life 11"" units. 


ae ; Nominal | 
' | Voltage | Current 
| j Vz @ tar | Izr 
| TYPE = {_—Volts | mA 
1N3810 75 5.0 
} 1N3811 82 4.5 
, 1N3812 91 41 
1N3813. | =100 3.7 
| 1N3814 | 110 3.4 
/1N3815 =| «120 | 3a 
'14N3816 | 130 2.9 
_ 1N3817 150 } 2.5 
1N3818 =| ~=—(160 | 2.3 
' 1N3819 180 2.1 
1 4N3820 =| ~—-200 | 19 


Table 1g — 5.0-WATT 


CASE 17 


- (Note 3) | 
'4N5333 0 | «= (3.3 380 
| 1N5334 | 33.6 350 
'4N5335 0 | 3.9 320 
1N5336 4.3 290 
1N5337 4.7 260 
* 1NS5338 §.1 ; 240 
1N5339 5.6 } 220 
+ 1N5340 6.0 200 
“1N5341 | 6.2 | 200 
” 1N5342 6.8 175 
1N5343 75 , 175 
_1N5344 | B.2 | 150 
* 4N5345 8.7 150 
1N5346 9.1 150 
1N5347 10 | 125 
1N5348 Mt | 125 
1N5349 12 ; 100 
1N5350 13 i} 100 
1N5351 14 100 
1N5352 15 , 1 
1N5353 16 | 78 
1N5354. | 17 ; 70 
1N5355, Ss«d18 | 65 
_1N535S | (19 | 65 
1N5357 20 | 65 
1N5358 =| 22 | 50 
1N5359 | 24 ' 50 
| 1N5360 , 25 ! 50 
i 1NS361 27 | 50 
1N5362 2B | 50 
1N5363. 30 40 
1N5364 | 33 ' 40 
1N5365 | 36 i 30 
1N5366 39 , 30 
1N5367 | 43 30 
1N5368 | 47 1 25 
iN5369 0; «51 : 95 
1N5370 56 \ 20 
1N5371 | ~— 60 ' 20 
1N5372, «62 | 20 
1NS373. | 68 1 20 
1N5374 75 , 20 
1N5375 «BZ 15 
1N5376 | SB 15 
1N5377 91 15 
1N5378 100 12 
1NS379 { 110 12 
1N5380 120 10 
1N5381 130 10 
1N5382 140 8.0 
1N5383 150 8.0 
1N5384 160 8.0 
1N5385 170 8.0 
1N5386 180 5.0 
IN5387 190 5.0 
1N5388 200 5.0 


Table lh — 10-WATT 


GASE 56 (00-4) 


(Note 1,4) 

1N3993° 3.9 640 
1N3994* 4.3 580 
1N3995* 47 530 
1N3996° 5.1 490 
1N3997* 5.6 445 
1N3998* 6.2 405 
1N3999* 6.8 370 
1N4000* 7.5 335 
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Max Imped. 
Zz1 @ Izr | 


(Note 6) 


{ Nominal Test Max Imped. 

| Voltage Current {| Zzr @ Izr 

I ‘ Vz @ lar Izx {| Ohms 
Re 


| TYPE | Volts . mA (Note 6) - 


Table 1h cont’d — 10-WATT 


CASE 56 (00. 4) 


(Note 3,4) 

1N2970* 6. 

1N2971° 7. 
| 1N2972* 8. 

1N2973* 3. 


' 1nz974* | 1 


1N2975* 
| 1N2976* 


1N2980* 


1N2982* 
1N2984* 
1N2985* 


1N2986° 
1N2988" 


1N2988* 
4N2990* 


» 1N2992* | 
1N2993* | d 
1N2995* 
1N2997* 
1N2999* 


1N3000° 
1N3001* 


1N3002* 
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Notes: 


e Whe ae i ao Se 
j Nominal _ [Test Tax Impet Imped.! | Nominal | Test Test. Max Imped, 
! Voltage | Current | Zz1t @ Izt |! Voltage sea Zr @ | 
Vz @ Izr Izr Ohms Vz @ Izrl tar Ohms 
TYPE Volts mA | (Note 6) TYPE Volts | mA | (Note 6) | 
1N3008° 120 20 75 1N2811* | 1N3312 13. | 960 uf 1.1 
1N3003* 130 19 1N2812 , 1N3313 14 890 1.2 
1N3011* 150 v 1N2813* | 1N3314 15 | 830 1.4 
1N3012* 160 16 1N2814* | 1N3315 16 780 | 1.6 
1N3014* 180 14 i 1N2815 | 1N3316 17 _ 740 =f 1.8 
1N3015* 200 12 1n2816* 1N3317 | 18 | 700 2.0 
' 4N2817 1N3318 | 19 660 2.2 
1N2818* 1N3319 20 | 630 2.4 
—— | ae eee | oe | ew | oe 
=S— : = 1N2820° | 1N3321 | : 
‘ Nominal | Test Max Imped, f -anipaag Tayae2 ' oi 500 | _ 7 | 
| | Voltage | Current, Zit @ Izv; | 35 22* ; 4N3323 | 57 460 | 28 
(Wz @ tar] tar | onms | | 4Nz829° | 1N3324 30 | 420 3.0 
TYPE Volts mA | (Note 6) - 1N2024* | 1N3325 } ; 
Lecce ee pete stl | 1N2825* | 1N3326 36__| 350 3.5 
: | 1N2826* | 1N3327 39 | 320 4.0 
Table 1j — 50-WATT 1N2827* | 1N3328 43 | 290 4.5 
CASE 54 CASE 58 (Note 3, 4) | 1N2828 | 1N3329 45 | 280 4.5 
aieape ake SON, eS ieee 1N2829* | 1N3330 47 270 5.0 | 
j 1N4557 1N4549 0.16 1N2830 | 1N3331 | 50 | 250 | 5.0 _| 
AEE ee 0-16 | | ynzesi*  1N3332) 51 | 245 | 5.2 
inase0«1N4352.. : | 1N2832" | 1N3334 | 56 220 6.0 
IN4361  1N4853 { | 1N2833* . 1N3335 62 | 200 7.0 
' 1N2834* | 1N3336 68 180 8.0 
; i - |_1N2835* 1N3337 | 75 170_ 9.0 _ 
| 1N4562  1N4554 0.14 | 1N2836" 1N3338, 82 | 150 | 1 | 
1N4563 4N4555 0.16 1N2837* | 1N3339 91 | 140 15 
1N2804* — 1N3305 - 0.20 1N2838* 1N3340 ,; 100 | 120 20 
, IN4564  1N4556 0.24 |* | 1N2839 © 1N3341| 105 | 120 | 25 | 
j 1N2805* | 1N3306 0.3 | yN2e40* | 1N3342 | 110_ | 110. _30_| 
fr are. - | 1N2841" 1N3343 | 120 |; 100 40 | 
| 1N2806* 1N3307 0.4 1N2842" 1N3344 130 95 50 
1N2807* 1N3308 0.5 | 1N2843" | 1N3346 | 150 , 85 7 | 
1N2808* | 1N3309 10 | 1200 0.6 | 1N2844* | 1N3347.. 160 80 80 
1N2808*  1N3310 11; 1100; 08 1N2845" —-1N3349 180 | 68 | 90 | 
1N2810* © 1N3311 12 | 1000 | 1.0, 1N2846" —1N3350 200 | 65 | 100 | 


ts Standard types are +10% tolerance; suffix ‘’A’’ denotes 


+5.0% tolerance. 
2. Standard tolerance of +5.0%. 


3. Standard tolerances of 5.0, 10, and 20% are available — no 
suffix is +20% tolerance, “A” suffix is +10% tolerance, 


and “‘B” suffix is +5.0% tolerance. 
4. Reverse polarity types available. 


*5.0% tolerance types available as JAN/JANTX and ‘‘Meg-A-Life I!” units. 


5. The JEDEC type numbers shown indicate a tolerance of 
410% with guaranteed limits on Vz, Im and Vr. Units 
with guaranteed limits on Vz, !p, VE. Zz7-. ZZK and Tc 
(Temperature Coefficient) are indicated by suffix “A” 
for +10% tolerance and suffix ‘'B” for +5.0% units. 

6. Impedance is derived from the 60 cycle ac voltage which . 
results when an ac current having an RMS value equal to 
10% of the de zener current is superimposed upon the 
dc current. 
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ABSOLUTE MAXIMUM RATINGS [Note 1] ‘ 


— ies Ee eee a Bislama ae = ie ees = ed 
GENERAL DESCRIPTION - These Fairchild devices are NPN silicon PLANAR epitaxial 
transistors designed for high-speed switching at collector currents up to500mA. They feature a sc Seer tamad | 
‘ ie curcancemmiig 
useful beta over a wide range of collector current, low leakage currents, and low saturation BEDE oven ine 
voltages. 
° Sitduu' -+ ---- | 


Maximum Temperatures staan Sees 
Storage Temperature : -65°C to +300°C ion 4 i i ‘oe UM! 
Operating Junction Temperature ” . +175°C Maximum mse Pd dh us 

Maximum Power Dissipation “ - 2N2218A =. 2N2221A ee ans 

2N2219A 2N2222A — fae 
Total Dissipation at 25°C Case Temperature (Notes 2 & 3) 3.0 Watts 1.8 Watt vss ae aie : 
at 25°C Ambient Temperature (Notes 2 & 3) 0.8 Watt 0.5 Watt A gel 


Maximum Voltages and Current 


Yo BO Collector to Base Voltage 75 Volts 
Yo EO Collector to Emitter Voltage (Note 4) 40 Volts 
VERO Emitter to Base Voltage 6.0 Volts 
In Collector Current 800 mA 2N2218A © 2N2219A 


DLV 4 Weal 
ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) UA SICALEDIMENSIONS) 
BURIGCOIanCes wid 
DEDEGRLO SO pOUU inc] 
2N2218A 2N2219A 
2N2221A 2N2222A =e 
Symbol Characteristic Min. Max. Min. Max. Units Test Conditions Shows — you 
hep DC Current Gain 20 35 I, = 100 pA Vor = 10V yet lee 
hee DC Current Gain 25 50 lo = 1.0 mA Vor = 10V eesti “ i % 
hep DC Pulse Current Gain(Note5) 35 15 Ip = 10 mA Vog = 10V ed | é 
hop DC Pulse Current Gain(Note5) 40 120 100 300 Io = 150 mA Voge = 10V 
hep DC Pulse Current Gain(Note5}) 25 40 I, = 500 mA Vor = 1OV 
hppl-55°C) DC Pulse Current Gain(Note5) 15 35 I, = 10 mA Yor = 10V 
hee DC Pulse Current Gain(Note 5) 20 50 Io = 150 mA Yor = 1.0V 
Vop (sat) Collector Saturation Voltage 0.3 0.3 Volts I, = 150 mA In = 15 mA 
(Pulsed, Note 5) 
Voplsat) Collector Saturation Voltage 1.0 1.0 Volts Io = 500 mA I = 5S0mA 
(Pulsed, Note 5) 
Vag (sat) Base Saturation Voltage 0.6 1.2 0.6 1.2 Volts Ig = 150 mA Tz, = 15mA 
(Pulsed, Note 5) is 
Vag lsat) Base Saturation Voltage 2.0 
(Pulsed, Note 5). 
Ne High Frequency Current Gain 2.5 3.0 
(f= 100 Mc) 
Ta: { Gain-Bandwidth Product 250 300 


(f = 100 Mc) 


SEMICONDUCTOR 
313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORFIHATION 


MANUFACTURED UNDER ONE OR MORE OF THE FOLLOWING U. S. PATENTS: 2981677, 3025589, 3064167, 3108359, 3117260. OTHER PATENTS PENDING. 
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ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


2N2218A 2N2219A 
2N2221A 2N2222A 
SYMBOL CHARACTERISTIC MIN. MAX. MIN. MAX. UNITS TEST CONDITIONS 
lorx Collector Reverse Current 10 10 nA Ven = 3-9 VO Vop = 50V 
Topo Collector Reverse Current 10 10 nA I = 0 Von = 80V 
Togo (+150°C) Collector Reverse Current 10 10 HA Ir = 0 Vop = 60V 
— Base Current 10 10 nA Ip = 0 Ven = 3-0 
c Common Base, Open Circuit 8.0 8.0 pf Ih = 0 Ven = 10V 
obo Output Capacitance (f = 100 Kc) 
iC Common Base, Open Circuit 25 25 pf IQ = 0 Ven = 0.5V 
ibo Input Capacitance (f = 100 Kc) 
Re(h, ) Real Part of Common- 60 60 Ohms Io = 20 mA Vor = 20V 
: Emitter High Frequency 
Input Impedance (f = 300 Mc) 
BVopo rie to Base Breakdown 15 15 Volts In = 10 pA Ib = 0 
ge 
BV oO Collector to Emitter Break- 40 40 Volts Io = 10 mA In = 0 
cE down Voltage (Notes 4 & 5) 
BV Emitter to Base Breakdown 6.0 6.0 Volts I = 0 I = 10yA 
EBO Voltage . Cc E 
Ion Base Current 20 20 nA Vez = 3.0 V Vor = 60V 
ta Turn-on Delay Time 10 10 nsec lag = 150 mA Voc = 30V 
Toi = 15 mA, Veg loff) =0.5V 
t. Rise Time 25 25 nsec los = 150 mA Veco = 30V 
Ibi = 15 mA, Var Off) =0.5V 
t. Storage Time 225 225 nsec log = 150 mA Voc = 30 V 
Ibi = 15 mA, Tho =15mA 
ty Fall Time 60 60 nsec las = 150 mA Voc = 30V 
151 = 15 mA, Iho =15 mA 
T Active Region Time Constant 2.5 2.5 nsec lo = 150 mA Vor = 30V 
rc, Collector Base Time Constant 150 150 psec Io = 20 mA Vcr = 20 V 
(f = 31.8 Mc) 
NF Noise Figure (f = 1.0 Kc) 4.0 4.0 Io = 100 pA Vor = 10V 
R, = 10 KQ BW = 1.0cps 
SMALL SIGNAL CHARACTERISTICS (f = 1 kc) 
- 2N2218A 2N2219A 
2N2221A 2N2222A 
SYMBOL CHARACTERISTIC MIN. MAX. MIN. MAX. UNITS TEST CONDITIONS 
ie Input Resistance 1.0 3.5 ° 2.0 8.0 KQ I, = 1.0 mA Von = 10V 
0.2 1.0 0.25 1.25 KQ To = 10 mA Von = 10V 
hee Output Conductance 3.0 15 5.0 35  umhos Ia = 1.0 mA Voz = 10V 
10 100 25 200 jymbhos I, = 10 mA Voz = 10V 
h.. Voltage Feedback Ratio 500 800 x10°° Io = 1.0 mA Von = 10V 
250 400 x10-® Io = 10 mA Voy = 10V 
h Forward Current Transfer 30 6150 50 300 I = 1.0 mA V = 10V 
ne Ratio c cB 
50 300 75 375 Io = 10 mA Vop = 10V 
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These are steady state limits. 


a 
gS (1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 


The factory should be consulted on applications involving pulsed or low duty cycle operations. 


These ratings give a maximum junction temperature of 175°C and junction-to-case thermal resistance of 50°C/Watt (derating factor of 20mW/°C); junction-to-ambient 
thermal resistance of 188°C/Watt (derating factor of 5.33 mW/‘C) for the 2N2218A and 2N2219A. For the 2N2221A and 2N2222A, junction-to-case thermal resistance 
of 83.5°C/Watt (derating factor of 12 mW/‘C; junction-to-ambient thermal resistance of 300°C /Watt (derating factor of 3.33 mW/°C). 


This rating refers to a high-current point where collector-to-emitter voltage is lowest. For more information send for Fairchild Publication APP-4. 


Pulse Conditions: length = 300 psec; duty cycle = 1%. 


Fairchild cannot assume responsibility for use of anv circuitry described No circuit natent licences are imniiod 
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, CFVA-45 CFVA-AW 
f _| pd 
: P+i32 —— 7/16 ia 
|-ntvee— 8g Krk 
pi Le 
ra I SN Non T SY | 
| 29 | s 
[6 265 DIA. ai 
ae ul 3 32 NEF-2 THO. mat 3/8-32-NEF 28 } 
i | [ AWA _aSSemary ‘ALVES . 
is M1 my = ———— NM 7/8—— 
, ail \ : | TYP TERM HOLES 086 DIA, 
* | ee LOCATING LUG ae 
.080 t O15 ABOVE ——Ptiv32 
wm MTG. SURFACE ‘ | | 
. * és t=, | 
pith eae a 
. CFVA-AW-2 ASSEMSLY 
mechaniceé|! specifications CF VA-45 CFVA-AW 
Angle of Rotation: 
Contact arm 300° +5° 260" 25" 
Panel shaft* 200° 280° , 
Rear shaft* 3700° - 10-1/4 turns 3150° - 8-3/4 turns 
*Total effective (1° for each 12.5°) (1° for each 10.5°) 


rotation 


ushing Information: 

Diameter, EIA Standard 3/8"-32 NEF-2A thread 
Standard length a/fe” oF 174" +1/64" 
Special lengths Available upon request 


(Refer to General Information for recommended bushing lengths 
for various shafts.) 


Shafts Available: 


Dia. outer shaft -250" +.000" -.002" or .265" e001” 
Dia. inner shaft ~-125" +.001" or .187" +.001" 


Length As required in increments of 1/16" 


Locating Lugs: 
Standard position Left side terminals down supplied unless 
otherwise specified. 
Other positions Lug right side terminals down, without lugs 
or with lugs both left and right sides. 


Switch: Not available 


CFVA-45 CFVA-AW 


order from: order from: 


CTS Electronics,Inc. 


CTS Of Asheville, Inc. 


1010 Sycamore Avenue Mills Gap Road 
South Pasadena, California Skyland, North Carolina 
91030 Fa 28776 9-69-EE 
Phone 213-254-9141 


Phone 704-684-645] 


ad 


Tovio Viameter | 
Vernier Concentric 


Mariable Resistors 


TYPES CFVA-45 (Carbon) 


4 


CF VA-AW (Wirewound) 


Single section variable resistors with direct and vernier drive on 


concentric shafts. 
Wide resistance range 


‘# | More economical, more reliable, 
than a 2-section control. 
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electrical specifications 


CFVA-45 


- Resistance tolerances as low as +5% 


»- Positive stops on outer shaft; 
clutch stops on inner shaft. 


CFVA-AW 


CF VA-AW 


Resistance Range? 
(Linear Taper) 


Resistance Tolerance: 
Standard 


Special 


Power Rating: 


Taps Available: 
Single 
Double 


1002 thru 10 Megn 


1002 thru 5 Meg +30% 
Above 5 Megf- 10 Meg +40% 


load @ 85°C, 


mounted on steel panel 


40% or 60% effect. 
35%: & G5% efiect. 


1Q thru 25KQ 


12 thru 25KQ2 +10% 


Available in most 1Q thru 25KQ2 +5$% 
resistance values ~ 
Pb/2 watt thru 10K2 5 watts @ 25°C, 
1/3 watt above 10K2-100KQ} 4 watts @ 55°C, 
1/4 watt above 100K2 derated to no load 
@ 55°C derated to no @105°C, linear 


taper, mounted on 
steel panel 


linear taper 


A” o¢ a" oe 3050". an oe Aa" x 050". 
Voltage Ratings:* 
Bushing to Terminals 
High pot test, 1 min.| 1,000 VAC 1,000 VAC 
Operating maximum 750 VDC 500 VDC 
*Not to exceed wattage 
ratings 
Tapers Available: 
Standard Linear Linear 
Special Available Available 


Not available 
Not available 


TOC. 
rot. 


DATA SHEET 1151A 
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ENVIRONMENTAL PU:RFORMANCE SPECIFICATIONS 


Load Life: Allowable resistance change after 1006 hours +63. 
Rotational Life: Allowable resistance change 
Standard bushing after 50,000 cycles “=53 
Standard bushing after 100,000 cycles *10% 
Locking type bushing after 1000 cycles ~-5% 


Moisture Resistance: Allowable resistance change tas 


e 


Temperature Coefficient: 


Resistance 40 ohms to | 1.36K to 3K ‘to 1.36 Meg. to 
Range 1.35K ohms | 2.9K ohms | 1.35 Meg. 5 Meg. 


Std. T.C. =u to =100 +6 
(in PPM/°C) +200 +300 


Special 7T.C. =0 £0 =) to 
+100 +250 


(in PPM/°C) 
Temperature Cycling: Allowable resistance change after test +3 


Voltage Coefficient: Allowable resistance change.05%/V (or less) 


CTS SERIES 550 


eel . 


BOR 4-32 NEF THD 


eee AY 


3 125 ey 
- rat fF AVY | 
! 025 BA 
| ie LOCATING LUG 072 16 
#015 ABOVE MTG SURFACE | } 
= arg 4 


A 
| = . TERMINAL _IDENT- 


/ 
ON_OPPOSITE O 
Cxy SIDE _AS SHOWN iS ( 
ozo S 3 


4°72 
4 086 DIA 


082 
i_{ * "fos /T CLEARANCE HOLE FOR (3) HOLES 


sare f Uy 3g0R_Y4 DIA_ BUSHING 


Vondt ct EBUSES 
06) —p"-—4 I's" [3441406 


SUGGESTEC PANEL PiERCING 


order from: 


CiS OF BERNE, INC./Berne, Indiana (subsidiary of CTS Corporation, Elkha:t, Indiana) 
4 


CTS SERIES 550 ‘ 


e High Stability and Reliability 
e Low Noise and Long Life 
e Wide Resistance Range 


° Excellent High Frequency 


3/4” DIAMETER CERMET. VARIABLE RES/STOR 


Infinite Resolution 
e Excellent Overload Capacity 
e CTS CERMET Resistance Element 


e Molded Terminal Base 


_;f Characteristics 
e Closed Construction 
TYPE 550 : TYPE 557 
-CERMET RESISTANCE ELEMENT 
SILVER TERMINATION PAD 
TERMINALS ELECTRICALLY 9) 
. sige /BONDEO TO TERMINATION PAD 0 
REN FO ets 
MY EEN A EO. 
1, n rx fe AA id 
iy Vid did Y clin al ss toes < y 
acs ee “,°N 
L7 EAE nT RING AND ition) flys 1 
} HEAT SINK. iy 
x 


1/4" DIA, SHAFT 


| TERMINAL INSERT MOLDED 
i INTO BASI 
MOLDED DIALLYL PHTHALATE BASE 


| ay Ad: 


1/8” DIA. SHAFT 


electrical and mechanical specifications 


Resistance Range: 
50 Ohms through 5 Megohms 


Resistance Tolerance: 
Standard - 1203 
Special - 1108 


Voltage Rating: 

Across End Terminals 
350 VDC load not to 
exceed wattage rating 

Terminals to case 
High pot test 1 min. 1000 VAC 
@3.4" Mercury 450 VAC 
Operating Maximum 500 VDC 


Tapers: 
Standard - Linear 
Special - Available 


Attenuators and Multiple 
Sections Available 


Turning Torque - 0.5 to 6 in. oz. 
- 5" 


Stop Torque lbs. 


Independent Linearity 
Standard - + 5% 
Special - + 3% 


ENR: rs 
Standard - ~-2% 
Special - t 


Power Rating: 
2 Watts @ 70°C derated 
to no load @:150°C 


Angle of Rotation: 280° t5° 


Bushing Information: 
Standard - 3/8"-32 NEF-2A Thd. 
Non-locking or locking types 
Std.Lengths-.375" non-locking 
-500" locking 
Special Lengths - Available 


Shaft Length and Trim - 
As required 


DATA SHEET 3550A 
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Input 
Factor 


25 


SN54L00/74L00 Any Input 

Any Output 
SN54L04/74L04 Any Input 

Any Output 
SN54L10/74L10 Any Input 

Any Output 
SN54L20/74L20 Any Input 

Any Output 

25 


SN54L30/74L30 Any Input 
Any Output 


25 


SN54t51/74L51 Any Input 


Any Output 


SN54L54/74L54 Any Input 


Any Output 


SN54L55/74L55 Any Input 


Any Output 


RI, R2, R3, $1, $2, 
or $3 Input 

Clock Input 

Preset or Clear Input 

Q or 0 Output 


J1, 52, 53, Kl; K2, 
or K3 Input 

Clock Input 

Preset or Clear Input 

Qord Output 


Jor K input 
Clock Input 
Clear Input 
Q or 0 Output 


SN54L71/74L71 


SN54L72/74L72 


SN54L73/74L73 


SN54L78/74L78 


Jor K Input 
Preset Input 

Clear or Clock Input 
Q or G Output 


SN54L86/74186 


Any Input ° 
Any Output 


SN54L91/74L91 Any laput 


Any Output 


SN54L93/74L93 


Roy of Rg? Input 
B Input 
A Input 
Any Output 


SN54L95/74L95 Any Input except 
Mode Control 
Mode Control Input 


Any Output 


*Use these numbers when driving Series 54L/74L loads only. 


73 


Design loading chart 


SERIES 54H/74H 
Normalized | Normalized 
Location Input Output 
Factor Factor 
SN54H00/74H00 | Any Input 
Any Output 
SN54H01/74HO1 | Any Input 
Any Output 
SN54H04/74H04 | Any Input 
Any Output 


SN54HO5/74H05 | Any Input 


SN54H10/74H10 | Any tnput 


SN54H)1/74H21 | Any Input 


SN54H20/74H20 | Any Input 


SN54H21/74H21 | Any input 


Any Output 
SN54H22/74H22 | Any Input 
Any Output 
SN54H30/74H30 | Any Input 1.25 
' Any Output 
1 - ' - 
| GNesHaD 7440 Any laput 1.25 


| Any Output 


SNS4H50:74H50 | A, B,C, of D Input 1.25 


! 
| = 
| X ot X Input N/A 
Any Output 
| SN54H51, 74H51 | Any Input 1:25) 
Any Output 
SN54H52/74H52 | A, B, C, D, £, F, G, H, 1.25 
or J Input 
X Input N/A 
Output 
SN54H53/74H53 | A, B, C, D, E, F, G, H, 1.25 
i or J Input 
X or X Input N/A 
Output 
SN54H54/74H54 | Any Input 1.25 
Output 
SN54H55/74H55 | A, B, C, D, E, F, G, 1.25 
or H Input 
X or X Input N/A 
Output 12.5 


SN54H87/74H87 | Any Input 
Any Output 


SN54H60/74H60 | Any Input 
X or X Output 


SN54H61/74H61 | Any Input 
Any Output 


SERIES 54H/74H 
Normalized | Normalized 
Location Input Output 
Factor Factor 


SN54H62/74H62 | Any Input 
X or X Output 


SNS4H71/74H71 | JEA, J2A, J1B, J2B, K1A, 


Clock Input 
Preset Input 
Q or 0 Output 


K2A, KIB, or K2B input 


12.5 


SN54H72/74H72 | J1, J2, J3, K1, K2, or K3 
Input 

Preset or Clear Input 

Clock Input 

Q or 0 Output 


12.5 


$N54H73/74H73 | J, K, or Clock Input 
Clear Input 
Q or Q Output 


12.5 


SN54H76/74H76 | J, K, or Clock Input 
Clear or Preset Input 
Q or Q Output 


12.5 


SN54H78/74H78 |J or K Input 

Clear Input 

Clock or Preset Input 
Q or Q Output 


12.5 


54H101/74H101 | Any Input except Clock 
Clock Input 
Any Output 


54H102/74H102 | Any Input except Clock 
Clock Input 
Any Output 


54H103/74H103 | Any Input except Clock 
Clock Input 
Any Output 


12.5 


12.5 


54H106/74H106 | Any Input except Clock 
Clock Input 
Any Output 


12.5 


54H108/74H108 |J, K and Preset Inputs 
Clear Input 
Ciock Input 
Any Output 


12.5 


Device 


Normalized Normalized 
Location 


$N5475/7475 


SN5476/7476 


SN5477/7477 


Dy, D2, D3, or Dy Input 
Clock 1-2, or 

Clock 3-4 Input 
Any Output 


Jor K Input 
Clock Input 
Clear Input 
Preset Input 
Q or Q Output 


Any D Input 
Clock 1-2 or 

Clock 3-4 Input 
Any Output 


$N5480/7480 


SN5481/7481 


$N5482/7482 


Ay. A2, By, Bz. Ac, 
or Bg Input 

A*® or B® input 

C, Input 

= or S Output 

Cy+1 Output 

AX or B* Output 


Write ] and Write 0 Input 
X and Y Inputs: 

Logical 0 

Logical 1 
So or Sy 


Aj, or By Input 
Az or Bz Input 
Cyn Input 

C2 Output 

Ey or Dz Output 


SN5483/7483 


A), By, Az, or B3 Input 
Az, Bz, Ag, or By Input 
Cyn Input 

C4 Output 

XY). Eg, Zz, or V4 Output 


SN5484/7484 


Write 1 and Write 0 Input 
X and Y Inputs: 

Logical 0 

Logical 1 
So or $i 


SN5486/ 7486 


Any Input 

Any Output 
Logical 1 
Logical 0 


$N5490/7490 


Roi. Roz Rov, 
or Rg Input 

BD Input 

A Input 

Any Output 
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SERIES 54/74 


Normalized 
Output 
Factor 


Normalized 
Input 
Factor 


1.0 


Location 


SN5491A/7491A| A or B Input 
CP Input 

Q or Q Output 
§N5492/7492 | Roy or Roz Input 
BC tnput 
A Input 
Any Output 


$N5493/7493 | R 9) or Roz Input 
B Input 
A Input 


Any Output 


Any Input except 

Preset 1 or 2 
Preset 1 or Preset 2 Input 
Any Output 


$N5494/7494 


$N5495/7495 


Any Input except 
Mode Control 

Mode Control Input 

Any Output 


$N5496/7496 


Any Input except Preset 
Preset Input 
Any Output 


$N54100/74100 } Any D Input 
Clock 1 or 
Clock 2 Input 


Any Output 


§N54121/74121 


A, and A2 Inputs 
B Input 
Any Output 


§N54145/74145 


SN54150/74150 


Any Input 
Any Output 
Logical 1 
Logical 0 


§N54151/74151 | Any Input 
Any Output 
Logical 1 


Logical 0 


$N54152/74152 | Any Input 
Any Output 
Logical 1 


Logical 0 


$N54180/74180 | Any Input 
Any Output 
Logical 1 


Logical 0 


Design loading chart 


SERIES 54/74 


joe | tn | 
SN5400/7400 | Any Input 
Any Output 

$N5401/7401 


$N5402/7402 


Any Input 
Any Output 


Normalized Normalized 
Input Output 
Factor Factor 


10 


10.0 


Any Input 
Any Output 


SN5403/7403 


Any Input 
Any Output 


$N5404/7404 


Any Input 
Any Output 


$N5405/7405 


Any Input 
Any Output 


SN5410/7410 


Any Input 
Any Output 


$N5420/7420 


Any ‘nput 
Any Output 


$N5430/7430 


SN5440/7440 


Any Input 
Output 


Any Input 
Any Output 


SN7441A 


SN5442/7442 


5N5443/7443 


B, C, or D Input 
A Input 
Any Output 


Any Input 
Any Output 


Any Input 
Any Output 


$N5444/7444 


$N5445/7445 


SN5446/7446 


Any Input 
Any Output 


10.0 


Any Input 
Any Output 


12.5 


Any Input except 
Bl/RBO 
BI/RBO Node 

Any Output except 
BI/RBO 
BI/RBO Node 


1.0 
26 


12.5 


an 


a: 


SERIES 54/74 


SN5447/7447 


Normalized Normalized 
Location Input Output 
Factor Factor 


Any Input except 
BI/RBO 
BI/RBO Node 

Any Output except 
B1/RBO 
BI/RBO Node 


SN5448/7448 


Any Input except 
BI/RBO 
BI/RBO Node 

Any Output except 
BI/RBO 
Bi/RBO Node 


$N5449/7449 


Any Input 
Any Output 


$N5450/7450 


A, B, €, or D Input ! 
X and X Input Mi ( 
Any Output 


SN5451/7451 


Any Input 
Any Output 


$N5453/7453 


A, B, C, D, E, F, G, 
and H Input 

X or X Input 

Output 


SN5454/7454 


Any Input 
Output 


$N5460/7460 


$N5470/7470 


SN5472/7472 


Any Input 
X or X Output 


Jy, 49, J® Ky, Ko, 
or K* input 
Clock Input 
Preset or Clear tnput 
Q or G Output 


Jj, Ja, 53, Ky, Ka, 
or K3 Inputs 
Clock Input 
Preset or Clear Inputs 
Q or 0 Output 


$N5473/7473 


Jor K Input 
Clock Input 
Clear Input 
Q or Q Output 


SN5474/7474 


D Input 

Clock Input H 

Preset Input H 

Clear Input ( 
Q or G Output 


SN54150N /SN74150N . SN54151N/SN74151N 
16-bit data selector/ multiplexer SN54151) /SN74151) 


8-bit data selector / multiplexer 


Propagation delay — 20 nsec Propagation delay — 20 nsec 
Power dissipation — 210 mW Power dissipation — 140 mW 


Fan out — 10 Series 54/74 loads Fan out — 10 Series 54/74 loads 


SN54180N /SN74180N 
SN'54189) /SN74180) 


8-bit parity generator/ checker 


Evin ODD ¢ 4 
INPUT INPUT EVEN 00D 


Propagation delay 
(data to output) — 40 nsec 
(control inputs to output) — 10 nsec 


Power dissipation — 170 mW 
Fan out — 10 Series 54/74 loads 


45 


tas, TURN-ON DELAY TIME (ns) 


taz, TURN-OFF DELAY TIME (ns) 
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SWITCHING CHARACTERISTICS 
(T, = 25°C) 


FIGURE 6 — TURY-ON DELAY TIM 
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FIGURE 10 — SWITCHINS CIRCUIT and WAVEFORi 


Yoo = +10V 


Rp = 4.5 kQ 


t, =t << 2ns 
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FIGURE 7 — RISE TiisE 
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The switching characteristics shown above were measured in a test circuit 
similar to Figure 10. At the beginning of the switching interval, the gate voltage is 
at ground and the gate-source capacitance (Cos = Ciss —Cris) has no charge. The 
drain voltage is at Vop, and thus the feedback capacitance (Crs) is charged to 
Voo. Similarly, the drain-substrate capacitance (Cajsu)) is charged to Voo since 
the substrate and source are connected to ground. 

During the turn-on interval, Cgs is charged to Ves (the input voltage) through 
Rs (generator impedance) (Figure 11). Cus must be discharged to Vos — Voton 
through Rs and the parallel combination of the toad resistor(Ro) and the channel 
resistance (ras). In addition, Catws) is discharged to a low value (Vojon}) through Ro 
in parallel with ras. During turn-off this charge flow is reversed. 

Predicting turn-on time proves to be somewhat difficult since the channel 
resistance (ra) is a function of the gate-source voltage (Vcs). AS Co, becomes 
charged Ves is approaching Vin and ras decreases (see Figure 4) and since Cru 
and Caius) are charged through ras, turn-on time is quite non-linear. 

If the charging time of Cg: is short compared to that of Crs and Cojo), then 
fax (which is in parallel with Ro) will be low compared to Ro during the switching 
interval and will largely determine the turn-on time. On the other hand, during 
turn-off ra, will be almost an open circuit requiring Cer and Caius) to be charged 
through Ro and resulting in a turn-off time that is long compared to the turn-on 
time. This is especially noticeable for the curves where Rs = 0 and Cg. is charged 
through the pulse generator impedance only. 

The switching curves shown with Rs — Rp simulate the switching behavior 
of cascaded stages where the driving source impedance is normally the same as 
the load impedance. The set of curves with Rs — 0 simulates a low source im- 
pedance drive such as might occur in complementary logic circuits. 
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FOURE 17 — SYNTCOING CIRCUIT with IGFET EQUIVALENT [MODEL 
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FIGURE 4 — DRAIN-SOURCE “Ort” RESISTANCE 


FICURE 3 — TRANSFER CHARACTERISTICS 


[| Tr 


9 10 11 12 13 14:15 


g g g 8 g g 


fd 
RE TTT EE TT 


~ wo o“ 


(yw) INZUUND NIVUG ‘ 


7 8 
Vos, GATE-SOURCE VOLTAGE (VOLTS) 


Ves, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 5—“ON” DRAIN-SOURCE VOLTAGE 
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ELECTRICAL CHARACTERISTICS m= 25°C unless otherwise noted) 


Substrate connected to source. 


@ | Characteristic Symbol Min Max Unit 
a 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(lp = 10 pA, Vos = 0) 


Gate Leakage Current 
VGs = £25 V, Vpg = 0) 


Zero-Gate- Voltage Drain Current 
(Vos = 10V, Vgs = 9) 


ON CHS PACTERISTICS 


Gate-Source Threshold Voltage 
(Vpg = 10 V, Ip = 10 pA) 
“ON” Drain Current ° 


(Vgs = 10 V, Vpg = 10 V) 
Drain-Source ON" Voltage 
(lp = 2 mA, Vgg = 10 V) 


SMALL SIGNAL CEARACTERISTICS . 


Drain-Source Resistance 


(VGs = 10 V, Ip = of = 1 kHz) 
Forward Transfer Admittance 

{Vps = 10 V,Ip = 2mA, f = 1 kHz) 
Reverse Transfer Capacitance 


(Vps = 0, Vgg = 0, f= 140 kHz) 


Input Capacitance 
(Vpg = 10 V, Vgs= 0.f = 140 kHz). wae 


Drain-Substrate Capacitance a a we 
(Vp(supy = 10 V, f= 140 kHz) : 


SWITCHING CHARACTERISTICS oa i 

Hl Turn-On Delay _ 45 ns 
Rise Time Ip = 2mA, Vpp = 10 V, _ 65 ns 
Turn-Off Delay Vas = 10 V, Rp = Rg = 4.5 k ohms _ 35 ns 
Fall Time (See Figure 10; Times Circuit Determined) _ 15 ns 
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FIELD EFFECT TRANEISTCR FIELD-EFFECT 
o TRANSISTOR 
e 
‘S 
. designed for enhancement-mode operation in low-power “ AUGUST 1966 — DS 5179 
switching applications. 
° Low Drain-Source Resistance P y 9 


rgston) = BOO ohms max 


« Low Reverse Transfer Capacitance 
C,,, = 2.5 pF max 


« Guaranteed Switching Limits IN STOCK 


tare tes tan t MOTOROLA from HANI 
UPion 0-7171 


@ MAXIMUM RATINGS (ta = 25°C unless otherwise noted) 


TON 


te oS 2.8.0) 


Characteristic 


Drain-Source Voltage 


Drain-Gate Voltage 


Gate-Source Voltage 


Drain unnent 


Power Dissipation at Ta = 25°C 
Derate above 25°C 


Power Dissipation at Tq = 25°C 
Derate about 25°C 


Operating Junction Temperature 


Storage Temperature 


0.50— 
HANDLING CONSIDERATIONS: sy 0.100 
. 2 F i . 7 SOURCE GATE 
: Insulated gate field-effect transistors, due to their extremely high input resis- 0.100 Ng one 
tance, are subject to potential damage by the accumulation of excess static charge. st - — DRAIN 
To avoid possible damage to the devices while handling, testing, or in actual! opera- } of mae % SUBSTRATE AND CASE 
tion, the following procedure should be followed: 
1. The leads of the devices should remain wrapped in the shipping foil except TY, _ 0.028 
when being tested or in actual operation to avoid the build-up of static A 45° 0048 
charge. 
2. Avoid unnecessary handling; when handled, the devices should be picked DG 
4) up by the can instead of the leads. \ 


3. The devices should not be inserted or removed from circuits with the power 
on as transient voltages may cause permanent damage to the devices. 
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° cet, Dp tf \! ; . rie ric a 7 ape 
P-CHANNEL FIE ELD-EFFE CT TRANSISTORS 
} ; : DIFFUSED SILICON PLAMAR’TRATMSISTORS 
i 
ee: = : . a 
we 5 a. iste Se wees SS weipuatat Y Nees cee : 
tee o beset te pe ee ca ee TS ee ae 
aa © LOW NOISE VOLTAGE -- 0.08 pV//Hz (MAX) @ 100 Hz 
“ij +9 HIGH Y;, ~°4000 pmhos (MIN) ee _ yee PHYSICAL DIMENSIONS 
: LOW ro, (on) - 3509 (MAX) \\ \\ ee 
© LOW COST EPOXY PACKAGE — Preuss | oe “Ves DA 
¢ . . ia \. sas my a mh = 
\ \ ‘ ee | | 
ABSOLUTE MAXIMUM RATINGS (Note 1) ~_ ba I 250 
- e pl ro 120 140 
Maximum Temperatures yee 3 “ « .- BPanvar Aiquernye . Phoewdin Silt Lays Ci 100 
: * a “ny, “9 C7FF2 
‘Operating Junction Temperature, 1772-5285 209-5707 264-8239) ’ PRES cn ae 
. ‘Storage Temperature ae ge gf es a "85°C to 4125°C 3 LEADS —/ 4 | | ~ Min 
“at ‘ Soldering Temperature (10 seconds time Umit) a oe " S, 260°C rr 6 DA. 
woe * Maximum Power Dissipation re 4 ge ae 050 
* 4 eos 
ay Total pains ipatiee at 25°C Case Temperature (Note 2) F x, oy » 0.5 Watt SOURCE : tr 
wha. 5 ! . . . a Lead No. 1-./7) _ 
- 4 ; ( * at 65°C Cake Temperature (Note 2) “He 0.3 Watt | & | 
‘nm Ts Be ‘at 25°C Anibient Temperature -(Note 2)’ 0.2 Watt 
net = / cia ; P OR 
wg 1 . . . 2N4342 
* ffaximum Voltages " “8 
hl 6 : , 2N4360 2N4343 
¥ BVeco Source to o Gate Breakdown Voltage. - -20 Volts -25 Volts 
; ee : ee NOTES: MA dumensicas a wches 
BV nso Drain to Source Breakdown Voltage -20 Volts _-25 Volts Shanna aia 
 BYnco _Drain to Gate Breakdown Voltage -20 Volts -25 Volts 
ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 
. 2N4360 2N4342 2N4343 : ; 
Symbol Characteristic : Min, Typ. Max.{ Min. Typ. Max.| Min. Typ. Max, Units Test Conditions 
Equivalent Input Noise Voltage 0.02 © 0.08 0.02 0.08 WW/VH2 Vox © -10 Vo Ves «= 0 
(f = 100 Hz) ‘ : 
Noise Figure “ 0.1 1.5 OL 1.5 dB Vos =-10 V Ves « 0 
ve (f= 100 Hz) Rg = 1.0 MO BW = 15 Hz 
ahs Forward Transadmittance (f*1.0kHz) | 2000 4000 8000 | 2000 3500 6000 pmhos Vj, = -10 Vo Vy = 0 
3 ‘ca Output Admittance (f = L.OkHz) 35 100 25 78 yumbhus Vos =-10 V Vos « 0 
-} BY os3 Gate to Suurce Breakdown Vultage 20 23 Volts Ig 7 10 UA Vos * 0 
coe loss Drain Current . 3.0 10 30 = {-4.0 7.0 12 mA Vos = -10 Vo Veg = 0 
4 | ° Yous Gate tu Suurce Voltage : 0.7 5.0 9.0 Volts Vos =-10 V Ip = 0.3 mA 
‘4 ‘os Gate to Source Voltage 0.7) «3.0 5.0 Volts Vos =-10 V Ty = 0.4 mA 
4 Yos Gate tu Source Voltage Volts Vos =-10 V Ip a 1.0 mA 
ea Vex (off) Gate to Source Cutoff Voltage — 10 5.5 Volts Vox =-10 Vi i, = 10 pA 
om ‘oss Gate Reverse Current ae 10 hn i: nA Yes s 185 V Vos = 0 
: Igggf55 Cc) Gate Reverse Current 0 0.5 002 0. pA Vex = 15 Vv Vos - 0 
- Cissy Input Capacitance (f{ = t.0 MHz) 15 20 5 20 pF Vos s-l0 VY Vos » 0 
% c f° Reverse Transfer Capacitance 3.0 $.0 3.0 °5.0 F Vv, =-10 VV 2 0 
i ui (I = 1.0 MHz) £ Ds Gs 
i Foston) Drain "On" Resistance(f = 1.0kHz} 350 700 300 700 Ohms 1, = 0 Ves = 0 
* RAY, ) Forward Transcunductance 1509 = 3000 1500 2500 hos Vi. =-10 V Vig = 0 
sols ((=1.0MH2) memos DS cs 
NOTES: *Planar is a patented Fairchild process, ~ 
1 QL) Theme ratings ase Taniting values abuve which the aerviceability of any individual semiconductor device may be Impaired, 
é (2) Chese ratrege give a seaxtooiny juection temperature Of 125°C and junction to cuse thermal resistance uf 200°C,’Watt (derattng tactur of $.0mW/°C); function to aniblent 


therinal feist ane of SOC Watt (derating Gictor of 2.0 mW/"C), 


y (3) Both 2N4542 sed 2N4349 typical curves apply to 24360, ° 
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FAIRCHILD TRANSISTORS 2N4257 ° 2N4258 
TYPICAL ELECTRICAL CHARACTERISTICS 


STORAGE TIME VERSUS 
TURN ON AND TURN OFF 
BASE CURRENTS 


STORAGE TIME VERSUS 
TURN ON AND TURN OFF 
BASE CURRENTS 


1g 7 TURN-ON BASE CURRENT ~ mA 


tgg~ TURN oF BASE CURRENT - mA Igy - TURN-OFF BASE CURRENT - mA 


FALL TIME VERSUS 


TURN ON AND TURN OFF 


FALL TIME VERSUS TURN ON 
BASE CURRENTS 


aa mT OFF BASE CURRENTS 


Igy * TURN-ON BASE CURRENT - ma 


Igy ~ TURN-OFF BAS CURRENT - mA 


Sgg > TURN-OFF BASE CURRENT ~ mA 


CHARGE STORAGE 
TIME TEST CIRCUIT 


TURN ON AND TURN OFF 
TEST CIRCUIT 


v Voc = -1.35¥ 
BB ce Veg =-10¥ Voc =-3.0¥ 


O.1uF * Voie 
% 4130 ‘ He . ar 
= 5100 22700 
© TO SAMPLING SCOPE 7 
O.lef Zim? 100K0 TO SAMPLING SCOPE 


‘in t,<1.0ne O1uF | 3900 Zin 210080 
P.W. = 240n0 sf Ve=+sov SLL ——s t, <1 One 
Tin = 50 slo rag 
ty 5 1.0ne L ieilecs sie 

Tow Torr = 

eee + «eee ey Ic=1OmA, Igy» LOMA, tg2 =-L0mA 


Vin = -5.8¥ Vin = +9.8¥ 
Ig © LOMA, tyy <1.0mA, tga ~1.0mA 


NOTES: 


(1) These ratings are limiting values above which the serviceability of any semiconductor device may be impaired. 


° . 
o 2.0 ao 6.0 5.0 » 


FALL TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENTS 


1g ~ TURN-ON BASE CURRENT - mA 


‘g2 ~ TURN-OFF BASE CURRENT - mA 


PROPAGATION DELAY TIME 
VERSUS 
COLLECTOR SUPPLY VOLTAGE 


"ye ~ PROPAGATION DELAY - ns 


Vog ~ COLLECTOR VOLTAGE - VOLTS 


FIVE STAGE RING OSCILLATOR 
FOR MEASUREMENT 
OF PROPAGATION DELAY 


Yoo 


OuTPUT 


———r| TRANSISTORS 


1 
tpt Sites 


(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 


(3) Le dens Tatings give a maximum junction eee Of 125°C and junction to case thermal resistance of 200°C/watt (derating factor of 5.0 mW/°C); junction-to-ambient thermal resistance 


500°C /watt (derating factor of 2.0 mwW/°C), 


- (4) he sating refers to a high-current point where coliector-to-emitter voltage is lowest. 


(5) Pulse Conditions: length = 300 wsec; duty cycle = 1%. 
(6) See switching circuit for exact values of fc, 'y, and Iy). 
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FAIRCHILD TRANSISTORS 2N4257 « 2N4258 


legs * COLLECTOR REVERSE CURRENT - pA 


CAPACITANCE - 


~ REVURSE BASE-(MITTER VOLTAGE ~ VOLTS 


Vario 


tg ~ COLLECTOR CURRENT - mA 


. 


TYPICAL ELECTRICAL CHARACTERISTICS 


BASE CHARACTERISTICS* 


ed BAS ae ali vours 
COLLECTOR REVERSE CURRENT 
VERSUS 
COLLECTOR-EMITTER VOLTAGE 


oe 


Veg * COLLECTOR “EMITTER VOLTAGE - VOLTS 


INPUT AND OUTPUT 
CAPACITANCE VERSUS 
REVERSE BIAS VOLTAGE 


REVERSE BIAS VOLTAGE - VOLTS 


DELAY TIME VERSUS TURN ON 
BASE CURRENT AND REVERSE 
BASE EMITTER VOLTAGE 


ri 
10 2.0 
‘se ~ TURN ON BAS CURRENT ~ mA 


3.0 40 5.0 


td 
» 


'e* COLLECTOR CURRENT - mA 


‘ces ~ COLLECTOR REVERSE CURRENT - nA 


SWITCHING TIMES ~ ns 


+ TURN ON BASE CURRENT ~ mA 


BASE nC 


0 0.4 0.8 12 “6 2.0 
Var ~ BASE-LMITTER VOLTAGE - VOLTS. 


COLLECTOR REVERSE CURRENT 
VERSUS AMBIENT TEMPERATURE 


Ty - AMBIENT TEMPERATURE - °C 


SWITCHING TIMES VERSUS + 


COLLECTOR CURRENT 


1 
qo 20 a.) 
Ig ~ COLLECTOR CURRENT - mA 


RISE TIME VERSUS COLLECTOR 
- AND TURN ON BASE CURRENTS 


o.) 
io 20 5.0 10 » bd 
Ig - COLLECTOR CURRINT - mA 


* Single family characteristic on Transistor Curve Tracer. 


SVITCHING TIMES ~ ns 


BASE SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT 


; eel be fle 


Vacrsar) ~ BASE SATURATION VOLTAGE - VOLTS 
M ‘ 


0.5 
0.102 05-10-20 5 
Ig - COLLECTOR CURRENT - mA 


CONTOURS OF CONSTANT GAIN 
Binet PRODUCT (f,) 


i 


Yor COLLECTOR VOLTAGE - VOLTS 
‘ re . 


ee sete CURRENT - mA 


SWITCHING TIMES VERSUS 
AMBIENT TEMPERATURE 


STORAGE TIME VERSUS 
TURN ON AND TURN OFF 
BASE CURRENTS 


* TURN-ON BASE CURRENT ~ mA 


gz 7 TURN-OFF BASE CURRENT - A 


| FAIRCHILD TRANSISTORS 2N4257 * 2N4258 | 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


2N4257 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 
Vie (sat) Pulsed Base Saturation Voltage {Note 5] —0.8 -0.88-095 -08-0.88 —0.95 Volts Ie =10mA I=1.0mA 
Vee (Sat) Pulsed Base Saturation Voltage {Note 5] —-1.16 -15 -1.16 -—15 Volts Ie=50mA i= 5.0mA 
Ices Collector Reverse Current 0.02 10 nA Vee = —3.0V Ve = 0 


2N4258 


lees Collector Reverse Current 0.02 10 nA Vee = —6.0V Vie = 0 
Ices (+65°C) Collector Reverse Current 03 5.0 BA Vee = —3.0V Va = 0 
Ices(+65°C) Collector Reverse Current 05 5.0 yA Vee = —6.0V Vu = 0 
Veo (sust) Collector to Emitter Sustaining Voltage [Notes 4 and 5] —6.0 —12 Volts Ic=3.0mk L=0 
BVes0 Emitter to Base Breakdown Voltage -45 -45 Volts te =0 le = 100,A 
BV ces Collector to Emitter Breakdown Voltage —6.0 —12 Volts Ic =100uA Ve = 0 
BV cto Collector to Base Breakdown Voltage —6.0 -12 Volts Itc=100,A kk =0 
TYPICAL ELECTRICAL CHARACTERISTICS 
2N4257 2N4258 
COLLECTOR CHARACTERISTICS* 2s COLLECTOR CHARACTERISTICS* » COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* 
0 S : +0 


Ig ~ COLECTOR CURRENT - mA 
Ig ~ COLLECTOR CURRENT - mA 


’ ° 0.) 0.2 0.3 0.4 O05 


Vog ~ COLLECTOR-EMITTER VOLTAGE - VOLTS Vg ~ COLLECTOR EMITTER VOLTAGE ~ VOLTS Voog ~ COLLECTOR -£:\11 THER VOLTAGE ~ VOLTS 


“ COLLECTOR CHARACTERISTICS” 


ig ~ COLLECTOR CURRENT - 
Ig = COLLECTOR CURRENT - ma 
lig ~ COLLECTOR CURRENT = ma 


40) 40 2 6 a) i : . “409 2 6 2 o| OF 02 ©) a OS 
Veg * COLLECTOR-EMITTER VOLTAGE - VOLTS Veg - COULECTOR-EMITIER VOLTAGE ~ VOLTS Vg ~ COLLECTOR-EAWTTER VOLTAGE - VOLTS 
DC PULSED CURRENT GAIN COLLECTOR SATURATION VOLTAGE DC PULSED CURRENT GAIN COLLECTOR SATURATION VOLTAGE 
‘ ae TIT s a VERSUS COLLECTOR CURRENT _ VERSUS mii TTT ay VERSUS COLLECTOR CURRENT 
se HTT TTT Ts . il z 
eat WUT Ui LAT TTA TS : Hh Fas 
ECU: - 
es Lee; * 
Fe TTT Tl 3 * a eee 
* CECT TIT) a ; a la 
CICA HITE. | CCH) SUE TIT} 
te * COLLECTOR CURRENT - ma Vg = COLLECTOR CURRENT - mA He = COLLECTOR CURRENT - mA tc ~ COLLECTOR CURRENT - mA 


* Single family characteristic on Transistor Curve Tracer. 
4.116° 


/ A2N42357 ° 2NGA55 
PNP ULTRA HIGH-SPEED LOGIC SWITCHES 


SILICON PLANAR® EPITAXIAL TRANSISTORS 


FEATURES 
© LOW STORAGE TIME — 7, = 20 ns (Max). ee 
e LOW CAPACITANCE —C... = 3.0 pF (Max), Ci.. = 3.5 pF (Max). 70-106 


e HIGH FREQUENCY — f, = 700 MHz (Min). 
e LOW SATURATION VOLTAGE — Vee (sat) = —0.15 ¥ (Max) @ Ic = 10 mA 


* Planar is a patented Fairchild process. 


ABSOLUTE MAXIMUM RATINGS [Note 1] 


Maximum Temperatures 


Storage Temperature : : —55°C to +125°C 
Operating Junction Temperature +125°C Maximum 
Lead Temperature (Soldering, 10 seconds time limit) +260°C Maximum 
Maximum Power Dissipation 
Total Dissipation at 25°C Case Temperatures [Notes 2 and 3] 0.5 Watt 
at 25°C Free Air Temperature [Notes 2 and 3] 0.2 Watt 
WOTES: Al Gemenssons im inches 
Maximum Voltages 2N4257 2N4258 -prmeerveys oictigag = 
Vcao Collector to Base Voltage -- 6.0 Volts —12 Volts 
Vcso Collector to Emitter Voltage [Note 4] -- 6.0 Volts —12 Volts 


©) Veto Emitter to Base Voltage -- 4.5 Volts —4.5 Volts 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


2N4257 2N4258 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 
T, Charge Storage Time [Note 6] ll 15. 13 20 =sons Ic = 10 mA Is = ee i 
. aoa im 
ton Turn On Time [Note 6] 9.0 15 9.0 15 as fo 10mA Ie, = 1.0mA 
tort Turn Off Time (Note 6) 12 15 14 20 sons lo 10mA tn 1OmA | 
la = —1.0 mA | 
hte High Frequency Current Gain (f = 100 MHz) 5.0 il lc = 10mA Vee= -5.0V | 
Hee High Frequency Current Gain (f = 100 MK2 70 = 13 Ic = 10mA Ve = —10V 
Giese Common Base, Open Circuit 2.0 3.0 2.0 3.0 pF Vao=—-50V E= 0 
Output Capacitance : 
Cie Common Base, Open Circuit 24°” 35 2.4 3.5 pF l= 0 Vee = —0.5V 
Input Capacitance, 
hee DC Pulse Current Gain [Note 5) 15 40 15 40 le = 1.0mA Vee = —O0.5V 
hee DC Pulse Current Gain [Note 5] 30 67 120 30.=— «67 120 Ic = 1O0MA Vee = —0.3V 
hee DC Pulse Current Gain [Note 5] ‘ 30 80 30 »=80 le =50mMA Vee = —1.0V 
Vcr (sat) Pulsed Collector Saturation Voltage [Note 5] —0.08 -—0.15 —0.08 —015 Volts Ice=10mA I= 1.0mA 
Vee (sat) Pulsed Collector Saturation Voltage [Note 5] =02) ~=05 —02 -05 Volts Ie=50mA 1,=5.0mA 
oe eee ee 
FAIRS HILES 
Li Pee Se ee ee 
eo 
‘@ 313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011, TWX: 910-379-6435 A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORE RATION 
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TYPICAL ELECTRICAL CHARACTERISTICS 


CAPACITANCE VERSUS 
REVERSE BIAS VOLTAGE 


C - CAPACITANCE =F 


Vg ~ REVERSE BIAS VOLTAGE ~ VOLTS 


TURN ON TIME VERSUS 
COLLECTOR CURRENT 


4 ~ TURN ON TIME - ns 


Ie - COLLECTOR CURRENT - mA 


RISE TIME VERSUS 
COLLECTOR CURRENT 


1, > RISE TIME ~ ns 
s 2 


Ug - COLLECTOR CURRENT - mA 


NOISE FIGURE VERSUS 
FREQUENCY 


sovect RESISTANCE * + ant 1 | fT] 


te + LOMA 
tee 
0 


G1 82 OF 10 20 50 6 so 1 
1 - FREQUENCY - ib 


SMALL SIGNAL CURRENT GAIN 
VERSUS COLLECTOR CURRENT 


Nye ~ SMALL SIGNAL CURRENT GAIN 


tg ~ COLLECTOR CURRENT - mA 


VOLTAGE FEEDBACK RATIO 
VERSUS COLLECTOR CURRENT 
10 


2.0 


Mire ~ VOLTAGE FEEDBACK RATIO - x10 “4 


os 
Ol 0.2 OSs 10 2.0 50 UM 
Ug COLLECTOR CURRENT - mA 


STORAGE TIME VERSUS 
COLLECTOR CURRENT 


1, > STORAGE TIME - ns 


tg ~ COLLECIOR CURRENT - mA 


NOISE FIGURE VERSUS 
SOURCE RESISTANCE 


MF + NOISE FIGURE - 6B 


Ry - SOURCE RESISTANCE - 0 


OUTPUT ADMITTANCE VERSUS 
COLLECTOR CURRENT 


Nog * OUTPUT ADMITTANCE = ymbvos 


5.0 
O1 02 Os LO 20 540 OW » 
ic ~ COLLECTOR CURRENT - mA 


INPUT IMPEDANCE VERSUS 
COLLECTOR CURRENT 


Nig ~ INPUT IMPEDANCE - kf 


fc - COLLECTOR CURRENT - mA 


FALL TIME VERSUS 
COLLECTOR CURRENT 
aad HS * 


g = ae 


Ig ~ COLLECTOR CURRENT - mA 


“ON” VOLTAGE VERSUS 
COLLECTOR CURRENT 


Ug ~ COLLECTOR CURRENT - RA 


ad 
e 


pater es o | 


e " 
Speed Yea peo dd ute! ee 


/ 1 
(Re 


FIGURE 1 — DELAY AND RISE TIME EQUIVALENT TES: CIRCUIT 
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FIGURE 2 — STORAGE AND FALL TIME EQUIVALENT TES? CIRCUIT 


® -3.0V 
_ <1,0ns 
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So 
x= 
> 


— -10.9V 


~ hh 
<1, <500ps = 
DUTY CYCLE-2% 
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« 
oa 
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* Total shunt capacitance of test jig and connectors 


TYPICAL ELECTRICAL CHARACTERISTICS 


COLLECTOR TO EMITTER VOLTAGE 
VERSUS BASE CURRENT 


NORMALIZED DC CURRENT GAIN 
VERSUS COLLECTOR CURRENT 


~ 
so 


bad 
= 


a NORMALIZED DC CURRENT GAIN 
Ss 
a 


Veg * COLLECTOR 10 EMITTER VOLTAGE - VOLTS 


os 10 2.0 3.0 10 na » 100 7 


ie ~ COLUECIO® CURRENT ~ mA tg ~ BAS CURRENT ~ mA 


13 


’ “ Ve * 


~ Y 


ee... i: — 
Bye! WOR ee NaN fo RY LP LY 


PNP GENERAL PURPOSE AMPTIFIERS AND SWITCHES 
FAIRCHILD DIFFUSED SILICON PLANAR’ EPITAXIAL TRANSISTORS 


MEDIUM VOLTAGE ... VcEQ = 40 V (MIN) 

HIGH GAIN......... hee = 100-300 AT 10mA 

LOW NOISE......... NF =4.0dB (MAX) WIDEBAND 
COMPLEMENTARY TO 2N3903 e 2N3904 


eee#e 


ABSOLUTE bh AAKIMUM RATINGS Cicce 1) 


Masdoaom Temperatures 
tStorage Temperature -55°C to +135°C 
tOperating Junction Temperature ' +135°C 
tlLead Temperature (Soldering, 60 seconds time limit) +230°C 
Maricenlaloter Di isstion (Num 2 and 2) 
tTotal Dissipation at 25°C Ambient Temperature 0.31 Watt 
at 60°C Ambient Temperature 0.21 Watt 
Maxinium Voiteces onc Current 
tVcsBo Collector to Base Voltage -40 Volts 
tVcEO Collector to Emitter Voltage (Note 4) -40 Volts 
tVeBO Emitter to Base Voltage -5.0 Volts 
tlc Collector Current 200 mA 
ELEC: NICAL CH Ie.CTERIST:CS (25°C Free Air Temperature unless otherwise noted) 
2N2905 2N3206 
SYMBOL CHARACTERISTIC MIN. MAX. MIN. MAX. UNITS TEST CONDITIONS 
thee DC Pulse Current Gain (Note 5) 30 60 i¢ = 0.1 mA, Vce=-1.0V 
thee DC Pulse Current Gain (Note 5) 40 80 . Ic =1.0 mA, Vce=-1.0V 
thee DC Pulse Current Gain (Note 5) 50 150 100 300 Ic = 10 mA, VceE =-1.0V 
thee DC Pulse Current Gain (Note 5) 30 60 I¢ = 50 mA, Voce =-1.0V 
thee DC Putse Current Gain (Note 5) 15 30 I¢ = 100 mA, Vce =-1.0V 
TtVCE(sat) Collector Saturation Voltage (Note 5} ~0.25 0.25 Volts I¢ = 10 mA, 1g = 1.0 mA 
TVGCE (sat) Collector Saturation Voltage (Note 5) -0.4 ~0.4 Volts I¢ = 50 mA, Ip =5.0mA 
a TtVBE (sat) Base Saturation Voltage (Note 5) -0.65 -0.85 -0.65 -0.85 Volts I¢ = 10 mA, Ig =1.0mA 
tVBE(sat) Base Saturation Voltage (Note 5) 0.95 -0.95 Volts I¢ = 50 mA, Ig =5.0mA 
ticex Collector Cutoff Current 50 50 nA Vce = -30V, VBE =3.0V 
tip. Base Cutoff Current 50 50 nA VceE = -30V, Vege = 3.0 V 
tBVcBO Collector to Base Breakdown Voltage -40 -40 Volts Ico = 10 BA, lg =0 
tBVcEO Collector to Emitter Breakdown -40 -40 Volts Ic = 1.0 mA Ig =0 
Voltage (Note 5) 
TtBVEBO Base to Emitter Breakdown Voltage 5.0 5.0 ° Volts Ic =G, {6 =10ynA 
tCobo Output Capacitance (f = 100 kHz) 45 45 pF lc =0, Vog =-5.0V 
tCibo Input Capacitance (f = 100 kHz) 10 10 pF Ic = 0, Vep=05V 
thte High Frequency Current Gain 2.0 “| 25 Ic =1.0mA VcE = -20V 
(f = 100 MHz) 
tit Current Gain Bandwidth Product 200 250 MHz I¢ = 10 mA, Vce = -20 V 
(f = 100 MHz) 
Detay Time (See Figure 1) 35 ~ 35 ~ | ans I¢ = 10 mA, Ig7 = 1.0mA 
Rise Time (See Figure 1) 35 36 ns I¢ + 10 mA, Ig, = 1.0 mA 
Storage Time (See Figure 2) 200 ‘ 225 ns lc = 10 mA, {p17 = 1.0mMA 
| Iga ~-10MA 
Fall Time (See Figure 2) 60 75 ns tc = 10 mA, !g1 = 1.0mA 
!g2 * -1.0mA 
Input Impedance (f = 1.0 kHz) 0.5 8.0° 2.0 12 kQ Ic = 1.0 mA, VceE=-10 V 
Voltage Feedback Ratio (f=1.0 kHz) 0.1 5.0 1.0 10 x104 Ic =1.0 mA, Vce =-10V 
Small Signal Current Gain (f=1.0 kHz} 50 200 100 400 I¢ = 1.0 mA, VceE =-10 V 
Output Admittance (f = 1.0 kHz) 1.0 40 3.0 60 umho Ic =1.0mMA, Vce = -10V 
Noise Figure (f=10 Hz to 15.7 kHz) 5.0 4.0 dB Ic = 100 LA, Vce = -5.0V 
Rg = 1.0k2 
@o< Registered Values *Planar is a patented Fairchild process, 
eG) Es 


(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 

(3) These ratings give a maximum junction temperature of 135°C and junction to ambient thermal resistance of 357°C/Watt {derating factor 
of 2.81 mW/ °C). 

(4) Rating refers to a high current point where collector to emitter voltage is !owest. 

(5) Pulse conditions: length = 300 ps; duty cycle = 2%. 


e MEDIUM VOLTAGE 


HIGH GAIN 
LOW NOISE 
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NPN GENERAL PURPOSE AMPLIFIERS AND"SWITCHES 


eee 


VceEo = 40 V (MIN) 


ABSOLUTE WI AXNINIUM RATINGS (Note 1) 
Maxtooum, Tenueraturas 

tStorage Temperature 

tOperating Junction Temperature 

tLead Temperature (Soldering, 60 secons time limit) 


Masi atm Power 


‘ssipation (Motes 2 and 3) 


tTotal Dissipation at 25°C Ambient Temperature 


at 60°C Ambient Temperature 


Ma>.tioum Voltages ena Current 


tVcBO 
tVcEO 
tVeBo 
tle 


Collector to Base Voltage 

Collector to Emitter Voltage (Note 4) 
Emitter to Base Voltage 

Collector Current 


hee = 100-300 AT 10 mA 
NF = 5.0 dB (MAX) WIDEBAND 
COMPLEMENTARY TO 2N3905 © 2N3906 


FAIRCHILD DIFFUSED SILICON PLANAR’ EPITAXIAL TRANSISTORS 


Se ene eer ree ee re ee 


nn rn erent rr 65 ere ee 


-55°C to +135°C 
+135°C 
+230°C 


0.31 Watt 
0.21 Watt 


60 Volts 
40 Volts 
6.0 Volts 


200 mA 
esc 


ELCCOTRICAL CHAR CTE SISTICS (25 Fron Aw Temperature unless otherwise noted) 


thee 
Thre 
thee 
thre 
Thee 


tVCE (sat) 
tVCE (sat) 
TV BE (sat) 
TVBE (sat) 
tICEX 
tier 
tBVcBO 
tBVcEO 


tBVEBO 
tCobo 
tCipo 
thte 


tir ; 


tig 
tty 
Tt, 


ttt 


thie 
thre 
the 
thoe 


tNF 


OAAG AS TERISTIC 


DC Pulse Current Gain (Note 5) 
DC Pulse Current Gain (Note 5) 
DC Pulse Current Gain (Note 5) 
DC Pulse Current Gain (Note 5) 
DC Pulse Current Gain (Note 5) 
Collector Saturation Voltage (Note 5) 
Collector Saturation Voltage (Note 5) 
Base Saturation Voltage (Note 5) 
Base Saturation Voltage (Note 5) 
Collector Cutoff Current 
Base Cutoff Current 
Collector to Base Breakdown Voltage 
Collector to Emitter Breakdown Voltage 
(Note 5) 
Base to Emitter Breakdown Voltage 
Output Capacitance (f = 100 kHz) 
Input Capacitance (f = 100 kHz) 
High Frequency Current Gain 
(f = 100 MHz) 
Current Gain Bandwidth Product 
(f = 100 MHz) 
Delay time (See Figure 1) 
Rise Time (See Figure 1) 
Storage Time (See Figure 2) 


Fall Time (See Figure 2) 


Input Impedance (f = 1.0 kHz) 

Voltage Feedback Ration (f = 1.0 kHz) 
Small Signal Current Gain f = 1.0 kHz) 
Output Admittance (f = 1.0 kHz) 

Noise Figure (f = 10 Hz to 15.7 kHz) “* 


2N35903 
Nal. MAX. 
20 
35 
50 150 
30 
15 
0.2 
0.3 
0.65 0.85 
0.95 
50 
50 
60 
40 
6.0 
40 
8.0 
25 
250 
35 
35 
175 
50 
05 8.0 
0.1 5.0 
50 200 
1.0 40 
6.0 


TJEDEC Registered Vatues 


“N3904 


UNITS reet-CONDIEYSNS 


MAX. 

i¢ = 0.1 mA, VceE=1.0V 
Ic =1.0mA, Vc—E=10V 
Ic = 10 mA, VceE i10V 
I¢ = 50 mA, VceE=1.0V 
I¢ = 100 mA, VcE=1.0V 
I¢ = 10 mA, !B=1.0mMA 
I¢ = 50 mA, Ip =5.0mA 
Ic = 10 mA, Ip=1.0mA 
Ic =50 mA, 1p =5.0mA 
VceE = 30V, VBE = -3.0 V 
VcE = 30V, Vee =-3.0V 
Ic = 10 nA, te =0 


Ig = 1.0mA 


Ic = 0, 
le =0, Vcp=5.0V 
Ic = 0, Vep=O5V 


Ic = 10 mA, 


Ic = 10 mA, 


Ic = 10 mA, = 1) 

I¢ = 10mA, gi = 1.0mMA 
Ic = 10 mA, IgB1 = 1.0mA 
Ip2 = 1.0mMA 

lc ~ 10mA, 1p, = 1.0mMmA 
IBp2 = -10mMA 

I¢ = 1.0 mA, VceE=10V 

Ic = 1.0 mA, VceE=10V 

Ic =1.0mA, VceE=10V 

ic =1.0mA, Vce=10V 

Ie = 100 pA, VcE=5.0V 
R, = 1.0k2 


*Plonar is a patented Fairchild process. 


hese ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired, 
(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 


(3) These ratings give a maximum 
of 2.81 mw/c). 


junction temperature of 135°C and junction to ambient thermal resistance of 357°C/Watt {derating factor 


(4) Rating refers to a high current point where collector to emitter voltage is lowest, 
(5) Pulse conditions length = 300 us; duty cycle = 2%. 


Nog = OUTPUT ADMITTANCE = ymhos Nye - CURRENT GAIN 


Nig * INPUT IMPEDANCE - & ohms 


Pre ~ VOLIACE FEEDBACK RATIO tx 10% 


SMALL SIGNAL CURRENT GAIN 


VERSUS COLLECTOR CURRENT 


LT vc_ = tov 
4° Be 
It > 10H 


01 0.2 0.5 1.0 2.0 5.0 ol) 
1 > COLLECTOR CURRENT - ma 


OUTPUT ADMITTANCE VERSUS 
COLLECTOR CURRENT 


“ol 02 oS 19 20 5.0 10 
ie ~ COLLECTOR CURRENT - ma 


INPUT IMPEDANCE VERSUS 
COLLECTOR CURRENT 


“or 02 Ch rt) 5.0 0 
I~ COLLECTOR CURRENT - ma 


VOLTAGE FEEDBACK RATIO 
VERSUS COLLECTOR CURRENT 


4c ~ CORLEC TOR CURRENT - ma 
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FIGURE 1--D 2LAY AND RISE TIME EQUIVALENT TEST CIRCUIT, 


300ns +3.0V 


a DUTY CYCLE - 2% 
— +10.6V 
2752 
} i 


RC, < 4, 0pF 
-0.5V 
— <1,0ps 


FIGURE 2—-STORAGE AND FALL TIME EQUIVALENT TEST CIRCUIT 


10 <t, <500us 
DUTY CYCLE = 2% 


bn 


+3.0 V 


+10.9V 


“Total shunt capacitance of test jig and connectors 
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TYPICAL ELECTRICAL CHARACT 
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COLLECTOR CURRENT BASE CURRENT 


Nye ~ NORMALIZED CURRENT - GAIN 


Vg - COLLECTOR CURRENT - mA 4g ° BASE CURRENT - mA 


NOISE FNSUDT VARIATIONS Vee = SOV, pees 


NOISE FIGURE VERSUS NOISE FIGURE VERSUS 
FREQUENCY SOURCE RESISTANCE 


fF Source risistanct = 0a | 1 
“Ties t.oma | an ce 
y i eet 
' ' j 


| source resistance * 200 | 
Mf te mk 11 ' _-— 


; (h me 
\ sac RESISTANCE © 10) | 
rf ke “Ie * ua L 


SOUPCE RESISIANCE + SS — 
te an) ag | 
i} 


° Te 
O1 02 OF 10 20 50 0 wD sO 100 


“a O02 O05 1020 5.0 0 


1 - FREQUENCY ~ thy Ry - SOURCE PESISTANCE - & of 


ine 
vom eras 
vi VEPSit 


TATRA 
pho & 


COTEU 


Feil] 7 — 


"6 de 


Fase se eeee 


on ooo 
yi / 


“ = “ N = 


cool 


NIVD IN3YYND TWNDIS-Tvws “4y 


Vos, COLLECTOR-BASE VOLTAGE (Vdc) 


f, FREQUENCY (MHz) 


Caines 
ota lde ate 


i. 


C8—f, versus SCLLECTON 


FISUR 


J oo — 


(ZHI). 19NGOYd HIOIMONVE — NI 


o 
@... ‘4 


Ic, COLLECTOR CURRENT (mAdc) 


CNT GAIN versus COLLECTOR CUR: 


VT y Ss 


TERT 


at 


4 


FICURE 19 ~ DE CU 


9 rel. vorsus COLLECTOR CHESENT 


FIGURE 


5 Vde 


S °° 
o — 


NIVD ININYND D0 344 


00 
80 


(sd) 9,95 


20 


40 60 80 100 


Ic, COLLECTOR CURRENT (mAdc) 


20 


Ic, COLLECTOR CURRENT (mAdc) 


‘ioe 


ne 


a Le 


— 
‘~ 


eae 


Su 


bar 


ms 


PEST Ee Ses ani 


Pout, POWER OUTPUT (WATTS) 


Pout. POWER OUTPUT (WATTS) 


y 


oo 


FIGURE 2— POWER OUTPUT vorsus FREQUENCY 
(Cizss C) 


NOTE: COMMON-EMITTER 
CONFIGURATION USED, 
WITHOUT TUNED 
EMITTER TECHNIQUES 
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{Zizss C) 
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FIGURE 5 — PARALLEL GUTPUT CAPACITANCE versus FREGUERCY 
(class C) 
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JECIGN NOTE 


Figures 11through18 show small-signal admittance-parameter data. This data can be used for 
Class A amplifier designs. 


For Class C power-amplifier designs, the small-signa! parameters are not applicable. Figures 4 and 
5 give parallel output capacitance and the parallel input resistance and capacitance for Class C power- 
amplifier operation. 


The parallet resistive portion of the coflector load impedance for a power amplifier, R,’, may be 
computed by assuming a peak voltage swing equal to Vcc, and using the expression 


Ry — Yee 
ie 


2P 


where P — RF power output. The computed R,’ may then be combined with the data in Figures 2 and 
3 to comprise complete device impedance data for Class C power amplifier design. 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) - 


| . Characteristic - | Symbol Min zx p | Ma Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage 
| (Ig = 5 mAde, I, = 0) °YcEotsus) =f + =e _ . 


Vdc 
Collector-Base Breakdown Voltage i Vde | 


(lp =0Q, I, = 0.1 mAdc) 


Emitter-Base Breakdown Voltage ed 
(lp = 0.1 mAde, Io = 0) 


Collector eee 
Vor = 28 Vdc, he 0) 


ON CHARACTERISTICS 


DC Current Gain 
Ors = 0.36 Adc, V Er? 5 Vdc) 


Cc 
: Me = 0.05 Adc, Yor = 5 Vdc) 
DYNALUC CHARACTERISTICS 


Current-Gain— Bandwidth Product 
(lg = 25 mAdc, Vor = 15 Vdc, { = 200 MHz) 


Output Capacitance 


(Vop = 30 Vde, 1, = 0, { = 1 MHz) 


E 


FUNCTIONAL TEST 


Power Gain 
Test Circuit-Figure 1 


P,, = 0.1 W, Vag = 28 Vde 
{ = 400 MHz 


Power “Output 


Collector Efficiency 


. 


FIGURE 1 — 400 MHz RF AMPLIFIER CIRCUIT FOR POWER-OUTPUT TEST 


Pout 
(R, = 50Q) 


Li: 2 turns No. 18 Capacitor values in pF / 
wire, %4” ID, unless otherwise 
Y%" long. indicated. \ 
1000 
Ls: 2% turns, No. 18 wire Tuning capacitors a 
e ) %" 1D, 3/16” long. are air variable. Vor = —28V 
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‘e BOX 955 « PHOENIX, ARIZONA 85001 


NPN SILICON HIGH-FREQUENCY TRANSISTOR 


... designed for amplifier, frequency- 
multiplier, or oscillator applications in mili- 
tary and industrial equipment. Suitable for 
use as output, driver, or pre-driver stages 
in VHF and UHF equipment. 


© Gps = 10 dB Minimum at 400 MHz 
¢ 1 Watt Minimum Power Output at 400 MHz 


e Multiple-Emitter Construction for Excellent 
High-Frequency Performance 


0 MAXIMUM RATINGS 


Collector-Emitter Voltage Voro | 0 | Vde 
: Collector-Base Voltage | Yap | | Vae : 
Ves 
Io 


*> | 


5 5 
28.6 
7) Tyg | ~85 to +200 


Emitter-Base Voltage 


Collector Current 


Total Device Dissipation @ T,= 25°C 


Derate above 25°C 


Operating and Storage Junction 


Temperature Range 


MAOVOROLA Sermiconductar Products Ime. (AA) A SUBSIDIARY OF MOTOROLA INC 


G Cc 


O 


© 9000 00 606 06 


co GO oc eo o¢ 


@ 


oC 0O 6 © 


or 


THAE LINE 


QNBOSS 


iw 


NPN SILICON 
AMPLIFIER 
TRANSISTOR 


MARCH 1966 — DS 5145 
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FIGURE 1 — 2N3771, 2N3772 
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FIGURE 2 — MJ3771, MJ3772 
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Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate !c—Vce_ limits below 


which the device will not enter secondary breakdown. 


Collector 


load lines for specific circuits must fall within the applicable Safe 
Area to avoid causing a catastrophic failure. To insure operation 
below the maximum Ty, power-temperature derating must be ob- 
served for both steady state and pulse power conditions. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Vde | 


*Collector-Emitter Sustaining Voltage (Note 1} 
mAdc 


(1 = 200 mAdc, !p = 0) 2N3771, MJ3771 
2N3772, MJ3772 


“Collector Cutoff Current 
(VcE = 30 Vde, Ig = 0) 2N3771, MJ3771 
(Veg = 50 Vdc, Ig = 0) 2N3772, MJ3772 


“Collector Cutoff Current 


(Vce = Rated Vc. VEeB(off) = 1-5 Vde) 2N3771, MJ3771 
2N3772, MJ3772 


All Types 


mAdc 


(VcE = 30 Vde, Vegioff) = 1.5 Vde, Te = 150°C) 


Collector Cutoff Current 
*(Vcg = Rated Vcg, te = 0) 2N3771, MJ3771 
2N3772, MJ3772 


All Types 


{Vcg = 30 Vde, Ie = 0, Tc = 150°C) 


“Emitter Cutoff Current 
(Vge = Rated Vee. Ic = 0) 


ON CHARACTERISTICS 
“DC Current Gain (Note 1) 


(ic = 15 Adc, Voce = 4.0 Vdc) 2N3771, MJ3771 
(ig = 10 Ade, VcE = 4.0 Vde) 2N3772, MJ3772 
(Ic = 30 Adc, VcE = 4.0 Vde) 2N3771, MJ3771 


(Ic = 20 Ade, Veg = 4.0 Vde) 2N3772, MJ3772 


“Collector-Emitter Saturation Voltage (Note 1) 


(Ic = 15 Ade, Ig = 1.5 Adc) 2N3771 
MJ3771 
(Ig = 10 Adc, Ig = 1.0 Adc) 2N3772 
MJ3772 
(I¢ = 30 Adc, Ig = 6.0 Adc) 2N3771, MJ3771 


(Ic = 20 Adc, Ig = 4.0 Adc) 2N3772, MJ3772 


Base-E mitter Saturation Voltage (Note 1) VBE (sat) 
(Wc = 10 Adc, Ig = 1.0 Ade) MJ3771, MJ3772 
(Ic = 15 Ade, tg = 1.5 Adc) MJ3771, MJ3772 
(Ic = 20 Adc, Ig = 2.0 Adc) MJ3771, MJ3772 . 


*Base-Emitter On Voltage (Note 1) 


(IG = 15 Adc, Veg = 4.0 Vde) 2N3771 
MJ3771 
(Ic = 10 Ade, Veg = 4.0 Vde} 2N3772 


MJ3772 


r+ 


DYNAMIC CHARACTERISTICS i 


Current-Gain—Bandwidth Product 
(I¢ = 1.0 Adc, Vce = 4.0 Vde, f = 50 kHz) 2N3771, 2N3772 ° 
(Ic= 1.0 Adc, Vcg = 10 Vdc, f = 1.0 MHz) MJ3771, MJ3772 


Smal! Signa! Current Gain 
(1¢ = 10 Adc, Vcg = 4.0 Vde, f = 1,0 kHz) 


SWITCHING CHARACTERISTICS 
Rise Time MJ3771, MJ3772 
(Vcc = 10 Vde, | 


Storage Time MJ3771, MJ3772 | 
Ic = 10 Ade, 


Fal! Time Ig1 =!g2 = 1.0 Adc) MJS3771, MJ3772 


Indicates JEDEC Registered Data (2N3771, 2N3772). N 
Note 1: Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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BOx 20912. PHOENIX, ARIZONA 85036 


HIGH-POWER NPN SILICON TRANSISTORS 


. designed for use in power amplifier and switching circuits 


applications. 


© High DC Current Gain —. 
hee = 15 (Min) @ tc = 15 Adc — 2N3771, MJ3771 
15 (Min) @ Ic = 10 Ade — 2N3772, MJ3772 


© Low Collector-Emitter Saturation Voltage — 
VCE(sat) = 1.0 Vde (Max) @ Ic = 15 Adc ~ MJ3771 
1.0 Vde (Max) @ Ic = 10 Adc — MJ3772 


, _¢ 2a © 
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*MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 
' Peak 


Base Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


"THERMAL CHARACTER!STICS 


Thermal! Resistance, Junction to Case 


“Indicates JEDEC Registered Data (2N3771, 2N3772). 


20 AND 30 AMPERE 
POWER TRANSISTORS 


NPN SILICON 


40-60 VOLTS 
150 WATTS 


MAY 1969 — DS 3129 
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re 2 & 


SLC Ife. CANARY ERISTIC (At 28°C ambicnt unless otherwise 1.oted) 


Characteristic 


a 
— 


Collector-Base Breakdown Voltage 


{ 
| (Ig = 100y Ade, Ig = 0) 
| LE epee meer ne Boece 
© | Collector-Emitter Breakdown Voltage* 
| (Ic = 10 mAdc, Ip = 0) 


| Emitter-Base Breakdown Voltage 
(Ig = 100uAdc, Ip = 0) 


‘Collector Saturation Voltage ** 
(Ic = 10 mAdc, Ip = 1 mAdc) 


(Ig = 30 mAdc, I, = 3 mAdc) 


Base-Emitter Saturation Voltage ** 
(Ig = 10 mAde, Ig = 1 mAdc) 


(Ig = 30 mAdc, Ip = 3 mAdc) 


| Symbol Min Max | Unit 


. | BYcpo 


| BYcro* 
j 


} 


VBE(sat) ** 


Vde ° 


| DC Current Gain ** 
| (Ic = 3mAdc, Veg = 10 Vdc) 
t 


(Ig = 10 mAdc, Veg = 10 Vde) 
(Ig = 30 mAdc, Veg = 10 Vdc) 
(Ic = 50 mAdc, Vog = 20 Vdc) 


Collector Cutoff Current 7 
(Vop = 200 Vdc, I, = 0) 


| (Vcog = 200 Vde, Ip = 0, Ta = 100°C) 


lege Cutoff Current [ Typo 
Vep = § Vde, Ic = 0) 
— Signal Current Gain | bre| 
(Veg = 20 Vdc, Ip = 10 mAdc, f = 20 mc) 
pourgie Capacitance Cop 
(Yop = 10 Vde, Ig = 0,f = 100 ke) L 
Input Capacitance Cin 
(Vep = 0.5 Vdc, Ig = 0, f = 100 ke) 
@ Small Signal Current Gain Nee 
(Ig = 10 mA, Vog = 10 V,f = 1 ke) 
— Feedback Ratio nee 
(lg = 10 mA, Vog = 10 V, f= 1 ke) 
Input Impedance 1 Nie 
(ig = 10 mA, Vog = 10V, f= 1 ke) | 
Output Admittance | Noe 
(lg = 10 mA, Von = 10 V, f= 1 ke) tf | | 
Real Part of Input Impedance Re(hie) os 40 ohms 
(Ig = 10 mA, Vog = 10 V, f = 5 me) | 


*PW £30 usec, Duty Cycle $ 1% 


**PW S 300 usec, Duty Cycle < 2%, 


Salts Salta 


C, CAPACITANCE (pf) 


23 5 10 20 30 50 100 
REVERSE BIAS (VOLTS) 


fy, GAIN-BANDWIDTH PRODUCT (me) 


5 7 10 20 30 50 
Ie, EMITTER-CURRENT (mA} 
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BOX 855 ¢ PHOENIX, ARIZONA 85001 


HISH-VOLTAGE NFN SILICON ANNULART TRANSISTOR 


e High Voltage Ratings 
BVcro = 300 Voits minimum 


e Low Capacitance 
Cy, = 6 pf maximum 


* Current-Gain Specified to 50 mAdc 


RSS TLUTS TAMIMUM RATINGS 


Characteristic 
Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current 


Total Device Dissipation @ T, 
Derating Factor Above 25°C 


Total Device Dissipation @ Tc 
Derating Factor Above 25°C 


arom Fee a5 tmnt raoe 
ca SBS Ll Gy we hd Seto, Salk <= 


.. . designed for high-voltage 
DC to VHF amplifier applications. 


Operating Junction Temperature 


Storage Temperature Range 


- The Motorola developed Annular process marks a breakthrough in low-leakage silicon 
transistor technology. Prior to this development, maximum voltage rating was limited by a 
henomenon called “channeling,” a surface-induced condition whose uncontrolled character- 


istics resulted in instability during operation. Channeling is traceable to the SiO: passivating 


layer necessary for low-leakage devices. By deliberately introducing a terminated channel 
whose predictable characteristics completely swamp out those of the randomly induced chan- 


nel, the high-voltage capability of low-leakage transistors is greatly enhanced. 


. 


t Manufactured by the Annular Process, Motorola patents applied for. 
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ELECTRICAL CHARACTERISTICS (tc = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage* - 
lc = 5 mAdc, Ig = 0) 2N3738 - 
2N3739 


BYCEO(sus)* 


H Collector-Emitter Cutoff Current 
| “(cg = 125 Vdc, Ty = 0) 2N3738 
| 


Weg = 200 Vdc, Ip = 0) 2N3739 


Collector-Base Cutoff Current 
(Vop = 250 Vdc, Ip = 0) 2N3738 


Weg = 325 Vdc, Tg = 9) 2N3739 


| Collector Cutoff Current 
| (Veg = 250 Vde, VeB(off) = 1.5 Vdc) 2N3738 


(og * 300 Ve, Virg (oft) = 1-5 Vdc) 2N3739 
j Vex * 125 Vde, Ve (egt) = 1.5 Vde, Te = 100°C) —2NI738 
| Weg = 200 Vdc, Vegrogy = 1-5 Vde, To = 100°C) — 2N3739 


Emitter -Base Cutoff Current 
(Vp = 6 Vdc) Both Types 


ON CHARACTERISTICS 


{Dec Current Gain* h 

{ FE 

i Mg = 50 mAdc, Vox = 10 Vde) Both Types 

| Mg 3100 mAdc, Vog = 10 Vde) Both Types 

\ (ig = 250 mAdc, Vopr = 10 Vdc) Both Types 

' Collector-Emitter Saturation Voltage* 8 Vou(cat)” 

l (lg = 250 mAdc, Ig = 25 mAdc) Both Types 

Base-Emitter "On" Voltage* 3, 4 VBE(on) 

(lc = 100 mAdc, Veg = 10 Vdc) Both Types 

SMALL SIGNAL CHARACTERISTICS 

Current -Gain~Bandwidth Product - ty MHz 
fic = 100 mAdc, VcRg = 10 Vdc, f = 1.0 MHz) Both Types 10 7 

Output Capacitance 9 Cop pF 
(Vog = 100 Vde, Ip = 0, £ = 100 kHz) Both Types - 20 

Small-Signa) Current Gain - Ne - 
(lg = 100 mAdc, Vcp = 20 Vdc, f = 1 kHz) Both Types 35 - 


*PULSE TEST: PW < 300 ys, Duty Cycle $ 2% 


FIGURE 2 — ACTIVE-RRGIIN SAFE OPERATING AREAS 


2N3738 
AND 
2N3739 


and pulse power conditions. 


lc. COLLECTOR CURRENT (AMPS) 


SECONDARY BREAKDOWN LITAITED 
——— — THERMALLY LIMITED @ Te = 25°C 


0 40 80 120 160 200 240 280 300 
Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


iT See Gerretse ler Fre acesis rec. 


ca) 
° 

+ 
° 
° 
° 
Oo 

>) 


The Safe Operating Area Curves indicate 
lc-Vce limits below which the device will not 
enter secondary breakdown. Collector load 
lines for specific circuits must fall within the 
applicable Safe Area to avoid causing a ca- 
tastrophic failure. To insure operation below 
the maximum T,, power-temperature derat- 

_ing must be observed for both steady state 
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1 
2 pare | 
° 
rIGH- E NPN SE POWER TRANSISTORS 
rFIGH-VOLTAGE NPN LICON FOV 2 TRANSIS ° © POWER TRANSISTORS 
© 
... designed for use in line-operated & 
Seti paae such as sie eae ampli- 2 225-300 VOLTS 
fiers; low-current, high-voltage convert- 20 WATTS 
ers; and AC line relays. i) 
. 2 AUGUST 1965 — DS3070 R1 
, Repl DS3070 
© High Voltages — Vag = 225 V and 300 V ° i ae ‘ 
° Excellent dc Gain: hy; = 40-200 @ Ie = 100 MA, Ve = 10 V ° 
° #; = 10 MHz (Minimum) ® 
@ Recommended for use @ Ile = 10-250 mA , ° > DES 
N _— 
°o \ cal 
: ae 
MARIMUM RATINSS ° jh 
Characteristic | Symbol | 2N3738| 2N3739 | Unit : 
fe uct ° 
| Collector-Emitter Voltage 225 | 300 Vdc rey 
' Collector-Base Voltage Fa) 
_Emitter-Base Voltage oO 
a “Collector Current Ic 3 Adc ° 
‘aa 0.250 
| 
Total Device Dissipation @ Tc = 25°C Watts 
| Derate above 25°C w/°Cc ° 
Operating and Storage Junction Ty, Tstg -65to+175 ba C3 o 
Temperature Range w 
e 
THERMAL CHARACTERISTICS 
c — ° 
ae Resistance, Junction to Case | Late | 7.5 "c/w is 
fe) 
CG 
FICGRE 1 — POWER-TEA PERATURE DemAThiad CURVE ° a1 
0.145 R. MAX 0152 DIA 
aa 
EMITTER 
o ° me \g 
= BASE——. “7” 
=< © 
= 
S © \ 
= = a Ua ie 0.958 
B 0.350 R. MAX 0.962 
: : \bf 1 
3 ° 7 
6 0.570 
< 0 


S 
Te, CASE TEMPERATURE (°C} n T0-66 OUTLINE 
é Safe Area Limits are indicated by Figure 2. Both limits are applicable and must be observed. c hi Nag 
a) 


n —> 
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TYPICAL ELECTRICAL CHARACTERISTICS 
TENN TIMES 


SWITCHING TIMES RSUS 
VERSUS COLLECTOR CURRENT AMBIENT TEMPERATURE 


TIME = ns 


tl * 30 mA, 'g2* =30 maA-~ 
Yagio)™ —O-5¥. Yee = 15¥ 


10 20. $0 100 200 


'¢~- COLLECTOR CURRENT — mA Ta— AMBIENT TEMPERATURE — °C 


Ton and Tors TEST CIRCUIT 


© Veg * -3.0V Yec = +10V 


D To Sampling Scope 
jr . Rise Time < 1.0 ns 
Cc k 
Pulse Width 2 240ns ee 


t. | <1.0ns 
Zin * 502 


CHARGE 


Eey — 10% Pulse waveform 
" . : : == at point 'A’ 
-4Vv 
~10 —---—— | 
+ + 


Pulse Generator 

Vin Rise Time < 1 nas 
Source Impedance = 50Q 
PW 2 300 ns 

Duty Cycle < 2% 


To Sampling Oscilloscope 
2 * 100 kn 
Rise Time ¢ 1 ns 
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TYPICAL ELECTRICAL. CHARACTERISTICS 


COLLECTOR REVERSE CURRENT 
VERSUS REVERSE BIAS VOLTAGE 


0 6 20 


Nog — COLLECTOR—EMITTER VOLTAGE — VOLTS 


‘al 


logs — COLLECTOR REVERSE CURRENT — pA 


0.001 


CONTOURS OF CONSTANT GAIN 
BANDWIDTH PRODUCT (f,) 


we GMI! 
oe 


° 
w 


Voge — COLLECTOR-EMITTER VOLTAGE — VOLTS 
8 
] 
= 


te = COLLECTOR CURRENT — mA 


STORAGE TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENTS 


Iga — TURN OFF BASE CURRENT — mA 


1g, — TURN ON BASE CURRENT — mA 


FALL TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENTS 


— TURN OFF BASE CURRENT - mA 


‘g2 


INPUT AND OUTPUT 
COLLECTOR REVERSE CURRENT CAPACITANCES VERSUS 
VERSUS ALICIENT TEMPERATURE REVERSE BIAS VOLTAGE 


CAPACITANCE — 


— COLLECTOR REVERSE CURRENT ~ ,A 
° ° 
- x 


| 0.02 A 
oon | 0 
25 50 01 1.0 i0 50 
Ty — AMBIENT TEMPERATURE — *C REVERSE BIAS VOLTAGE — VOLTS 
DELAY TIRE VERSUS BASE 
EMITTER OFF VOLTAGE AND RISE TIME VERSUS COLLECTOR 
TURN GN BASE CURRENT AND TURN ON BASE CURRENTS 
100 
g ' 
3 5 
z ., i 1; 
5 3 il 
: : i 
ie : I 
z Cor 
3 Ba": 
* 10 mil 
] E 
10 2.0 5.0 io 
tg) ~ TURN ON BASE CURRENT ~ mA 1g — COLLECTOR CURRENT — mA 
STORAGE TIME VERSUS TURIN ON STORAGE TIME VERSUS TURN ON 
: AND TURN OFF BASE CURRENTS AND TURN OFF BASE CURRENTS 


| | 1A 
ae 4neee 


ae 
Z| 


iga— TURN OFF BASE CURRENT ~ mA 


‘eh — TURN ON BASE CURRENT — mA 1g} — TURN ON BASE CURRENT — mA 
FALL TIME VERSUS TURN ON FALL TIME VERSUS TURN ON 
ND TURN OFF BASE CURRENTS ALD TURN OFF BASE CURRENTS 


‘gg — TURN OFF BASE CURRENT — mA 


1g, — TURN ON BASE CURRENT — mA Yay— TURN ON BASE CURRENT — mA 
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perature unless otherwise noted) 


ELECTRICAL CHARACTERISTICS (25°C free air tem 
if SYMBOL CHARACTERISTIC ; MIN. TYP. MAX. UNITS TEST CONDITIONS 
BVego Collector to Base Breakdown Voltage 40 Volts = 100 pA Ip = 0 
B 40 Volts = 100 pA V. = 0 
0 


I 
C 
Vers Collector to Emitter Breakdown Voltage Io EB 
Vorol(sust) Collector to Emitter Sustaining Voltage (Notes 4 and 5) 15 Volts Io = 10 mA Lb = 
BV ERO Emitter to Base Breakdown Voltage 5.0 Volts I, = 100 pA Io = 0 
Vaz (sat) Base Saturation Voltage (Note 5) 0.75 0.82 0.95 Volts I, = 30 mA In = 3.0 mA 
Vip (sat) Base Saturation Voltage (Note 5) 0.97 1.2 Volts Io = 100 mA I = 10 mA 
Vp lsat) Base Saturation Voltage (Note 5) 1.3 1.7 Volts Io = -300 mA ib = 30 mA 
lors Collector Reverse Current 0.04 0.5 LA Vor = 20 V Veg = 0 
° 
Top (65 C) Collector Reverse Current 0.5 3.0 HA Vor = 20 Vv Von = 0 
NOTES: 


(1) These ratings are limiting values above which the serviceability of any Individual semiconductor device may be impaired. 
(2) These are Steady state limits. The factory should 


(3) These ratings give a maximum junction temperature of 125°C and junction 
to-ambient thermal resistance of 500°C /Watt (derating factor of 2.0 mWw/* 


(4) Rating refers to a high-current point where collec mitter voltage is lowest, For more information send for Fairchild Publication APP-4, 
(5) Pulse Conditions: length = 300 usec, duty cycle = 1%. 
(6) See switching circuits for exact values of lo Ip and Iho 


be consulted on applications involving pulsed or low duty cycle operations. 
-to-case thermal resistance of 200°C /Watt (derating factor of 5.0 mW/°C), Junction- 
Cc). 


tor-to-e 


TYPICAL ELECTRICAL CHARACTERISTICS 


COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* BASE CHARACTERISTICS* 


205 


< < 
E 
a 16 1 160 Ee 
! ' 
- 8. 
= 5 0 5 
= = ‘mal lt 4 
= 12 = 120}5.0 ma = 120 
> 2 | Ss 
rs} © 3 
F S 3 
© 5 © 
S 80 S 80}— 5 20 
~~ _— — 
3 z 7 
§ 8 “8 
' 40 ' 40 1 4 
3) 2 * oO 
©. 0 0 
[) 40 8.0 2 o 0.2 0.6 0.8 1.0 0 OR Lo iz i4 
' 


12 rs 0.4 
ce ~ COLLECTOR-EMITTER VOLTAGE — vot Voge - COLLECTOR-EMITTER VOLTAGE ~ voLTs 


1S € ~ BASE-EMITTER VOLTAGE — VOLTS 


i) 


BASE SATURATION VOLTAGE 
VERSUS COLLECTOR CURRENT 


WT TT 
Lt LI aay 
ae Ze 


BC PULSE CURRENT CAIN 
VERSUS COLLECTOR CURRENT 


ST 
Th 
Stet 


te — COLLECTOR CURRENT — ma te - COLLECTOR CURRENT - mA 'e ~ COLLECTOR CURRENT - mA 
Single family characteristics on Transistor Curve Tracer 
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5 ~ FORWARD CURRENT TRANSFER RATIC 


Veg (satl ~ COLLECTOR-Em TTER SATURATION VOLTAGE - VOLTS 
Voc (sat) - BASE - EMITTER SATURATION VOLTAGE - VOLTS 


“i 
t 
<I 


“OTH 
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FAIRCHILD NPN DIFFUSED SILICON PLA AR" 
EPITAXIAL TRANSISTOR 


HIGH SPEED SATURATED SWITCH 


The 2N3646 is an NPN silicon PLANAR epitaxial transistor designed for memory applications 
to 500 milliamperes, Itfeatures the unique combination of 350MHzf,, minimum with a guaranteed 


300 milliampere collector saturation voltage of 0.5 volt. 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
Maximum Temperatures 


Storage Temperature 
Operating Junction Temperature 


Lead Temperature (Soldering 10 sec time limit) 
Maximum Power Dissipation . 


Total Dissipation at 25°C Case Temperature (Notes 2 and 3) 
at 25°C Ambient Temperature (Notes 2 and 3) 


Maximum Voltages 


VoBo Collector to Base Voltage 

Vors Collector to Emitter Voltage 

Vero Collector to Emitter Voltage (Note 4) 
VeRO Emitter to Base Voltage 


-55°C to +125°C 
+125°C Maximum 


+260°C Maximum 


0.5 Watt 
0.2 Watt 


40 Volts 
40 Volts 
15 Volts 
5.0 Volts 


ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted) 


Characteristic 


Vop(sat) Coliector Saturation Voltage (Note 5) 

Voplsat) Collector Saturation Voltage (Note 5) 

Vop(sat) Collector Saturation Voltage (Note 5) (Ty = +65°C) 
Vop(sat) Collector Saturation Voltage (Note 5) 

High Frequency Current Gain (f = 100 MHz) 


Ts Charge Storage Time Constant (Note 6) 

am Turn On Time (Note 6) 

tort Turn Off Time (Note 6) 

Coho Common Base Open Circuit Output Capacitance 
Cibo Common Base Open Circuit Input Capacitance 
ber DC Pulse Current Gain (Note 5) 

hee DC Pulse Current Gain (Note 5) 

hee DC Pulse Current Gain (Note 5) 


Additional Efectrical Characteristics on page 2 
Notes on page 2 


Min. 


3.5 


30 
25 
15 


Typ. Max. Units 


0.16 0.2 Volts 


0.18 0.28 Volts 
0.18 0.3 Volts 
0.39 0.5 Volts 
5.5 
8.0 18 ns 
9.0 18 ns 
15 28 ons 
3.3 5.0 pF 
6.6 8.0 pF 
60 120 
55 
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PHYSICAL DIMENSIONS 


Ad leads ciectcaly solated trom case 
Pachagt weght ¢ 03) gem 


= 30 mA I = 3.0 mA 


Ig B 

In = 100 mA at = 10 mA 
I, = 30 mA Ip = 3.0 mA 
Ia = 300 mA I, = 30 mA 
Io = 30 mA Vor = 10 V 
In = I51 210mA Th ~ -10 mA 
To = 300 mA Th = 30 mA 
1, ~300 mA, Ih = 30 mA, I39 =% -30 mA 
Ip = 0 Yop = 5.0 V 
To = 0 Ves = 0.5 V 
To = 30 mA Vor = 0.4 V 
In = 100 mA Vor = 0.5 V 
Ia = 300 mA Vor = 10V 


* Planar is a patented Fairchild process. 
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A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


FAIRCHILD TRANSISTORS 2N3638 + 2N3638A 


SMALL SIGNAL CHARACTERISTICS 


~10 VOLTS 
* Bre 


CHARCTERISTICS RELATIVE TO VALUE AT Igr 10 mA 
CHARACTERISTICS RELATIVE TO VALUE AT \, 


“40 =80 “2 “6 “20 ‘@ - 0 2 © 6B 100 
Vcg ~ COLLECTOR VOLIAGE - VOLTS Ty ~ AMBIENT TEMPERATURE - °C 


CHARACTERISTICS RELATIVE TO VALUE AT Veg * 


te ~ COLLECTOR CURRENT - mA 


NOTES: . 
(1) These ratings are fimiting values above which the serviceability of any individual semiconductor device may be impaired. 
(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 


(3) These ratings give a maximum junction temperature of 125°C and junction to case thermal resistance of 14 °C/Watt (derating factor of 7.0mW/*C); 
junction to ambient thermal resistance of 333°C/Watt (derating factor of 3.0 mW/*C). 


(4) Rating refers to a high-current point where coflector to emitter voltage is lowest. For more information send for Fairchild Publication APP-4/2. 
(5) Pulse conditions: length = 300 ys; duty cycle = 1%. 
(6) See switching circuit for exact values of I., §,,, and I,,- 


h PARAMETERS (f = 1.0 kHz) 


2N3638 2N3638A 
YMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TP. MAX. UNITS TEST CONDITIONS 
ie Input Resistance 200 2000 480 2000 ohms I, =10mA Vog = —10V 
a Output Conductance 80 1200 80 1200 emhos I, =10mA Veg = —10V 
ie Voltage Feedback Ratio 162 2600 162 1500 x10 I, =10mA Vee = —-10V 
hee Small Signal Current Gain 25 74 100 180 Ie =10 mA Veg = —10V 


Ton and Tors TEST CIRCUIT 


Veg =+3.1V Vee = -10V 
0.1 , 


7 0 
£73 os 


TO SAMPLING SCOPE 


1.0 t, < 1.0ns 
“LF c it Zin 2 100k2 
502 
Vin = -9.0V 
t,. ty <6.0ns = 
PULSE WIDTH = 0.5y1s 
ZN = 500 


ee 
| FAIRCHILD TRANSISTORS 2N3638 * 2N3633A | 


COLLECTOR REVERSE CURRENT 
VERSUS REVERSE BIAS VOLTAGE 


~ COLLECTOR REVERSE CURRENT - nA 


SS - -b 


Veg ~ COLLECTOR 10 EMITTER VOLTAGE - VOLTS 


‘ees 


STORAGE TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENT 


* mA 


> TURN Ofr BASE CURRENT 


FALL TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENTS 


- mA 


+ TURN OFF BASE CURRENT 


'p2 


Igy © TURN ON BASE CURRENT - mA 


SWITCHING TIMES VERSUS 
COLLECTOR CURRENT 


~ TURN OFF BASE CURRENT - mA 


TYPICAL ELECTRICAL CHARACTERISTICS 


COLLECTOR-2ASE DIODE REVERSE 
CURRENT VERSUS TEMPERATURE 


Ty ~ AMBIENT TEMPERATURE * 


STORAGE TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENT 


FALL TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENTS 


C - CAPACITANCE - @f 


Igg~ TURN OFF BASE CURRENT - mA 


mA 


INPUT AND OUTPUT 
CAPACITANCE VERSUS 
BIAS VOLTAGE 


CONTOURS OF CONSTANT GAIN 


STORAGE TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENT 


“1.0 
REVERSE BIAS VOLTAGE - VOLTS 


= COLLECTOR EMITTER VOLTAGE - VOLTS 


& | 
- TS Meee SOME 


1 til 


\e- COLLECTOR CURRENT - mA 


STORAGE TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENT 


6 53.0 


tg) 7 TURN OW BASE CURRENT - ‘gs * TURN ON BASE CURRENT - mA 


FALL TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENTS 


tg) ~ TURN ON BASE CURRENT - mA 


"a2 


~ TURN OFF BASE CURRENT - 


TURN OFF BASE CURRENT - mA 


is =) -40 60S BO 


FALL TIME VERSUS TURN ON 
AND TURN OFF BASE CURRENTS 


0 5.0 


‘ei ~ TURN ON BASE CURRENT - mA 


DELAY TIME VERSUS TURN ON 


BASE CURRENT AND REVERSE 
BASE EMITTER VOLTAGE 


SWITCHING TIMES - ns 


Vg - COLLECTOR CURRENT - mA 


-2 - 
tg, - TURN OW BASE CURRENT - mA 


“b “2 0 -2.0 “4.0 6.0 -80 


RISE TIME VERSUS TURN ON 
BASE CURRENT AND 
COLLECTOR CURRENT 


- 
> 


Igy 7 TURN ON BASE CURRENT - mA 


wo r) x» 100 = Bo 
tg - COLLECTOR CURRLNT - mA 


FAIRCHILD TRANSISTORS 2N3638 ° 2N3638A 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS TEST CONDITIONS 

Vp_(sat) Base-Emitter Saturation Voltage (pulsed, Note 5) , -0.9 = Volts Ie =50mA [,=2.5mA 
fm Ve_(sat) Base-Emitter Saturation Voltage (pulsed, Note 5) —-0.8 -1.25 ~2.0 Volts Ig =300mA 1, = 30 mA 

BV eso Emitter to Base Breakdown Voltage -40 Volts I; =100pA I, =0 

Ices Collector Reverse Current 0.1 35 nA Vop = —-15V Vig=0 

Icgs(65°C) Collector Reverse Current 0.002 2.0 HA Vop = —15V V,, = 0 


TYPICAL ELECTRICAL CHARACTERISTICS 


2N3638 
DC PULSE CURRENT GAIN 
COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* VERSUS COLLECTOR CURRENT 

4 “4 In 

VA 

VA :” 

VA . i . +t 

4 | Pa ; 

1 zB 2 

PAs PLE TL OL at 

is |_| PT TT 

= TT ELT Ey 
® ed “” © ~~” “1.0 “10 ST. eames 


“0 
Veg ~ COLLECTOR VOLTAGE - VOLTS Vg > COLLECTOR CURRENT - mA 


2N3633A 
Cc DC PULSE CURRENT GAIN 
COLLECTOR CHARACTERISTICS* COLLECTOR CHARACTERISTICS* VERSUS COLLECTOR CURRENT 
ECON 

i.- 4 = 
ae 
~-_ ee a : | 
. Paiae mallee 
J . | | : 
~ ae # 

0 0 a 

e » » » o » 2.0 0.1 1.0 ~ 100 “30 


- “10 
Vox ~ COLLECTOR EMITTER VOLTAGE - VOLTS 1 - COLLECTOR CURRENT - 


2N3538 ¢ 2N3633A 


F COLLECTOR SATURATION VOLTAGE BASE SATURATION VOLTAGE 
BASE CHARACTERISTICS* VERSUS COLLECTOR CURRENT VERSUS COLLECTOR CURRENT 


a ; = : 

== i LJ r 

+—Hht i 

a ia i Cite J 
z 3 . mail tht a es 

i aa 4a 3 
5 502 ie 

8 5 | il : 

e -0.1 = 

5 5 HH FI 
g a « enna = 4 3: 

s me i = -0.6 : 0S FH ¥ 

3 cH 3 
e : ° o * 

A * -0.@ a 3 

3 

€ ° 1 il * 

0.01 > 
ota 08 -l? -16  -20 sings ~10 = 100 ~ $00 
Ver ~ BAS VOLTAGE - VOLTS Ie + COLLICTOR CURRENT - mA '¢ ~ COLLECTOR CURRENT - mA 


* Single family characteristics on Transistor Curve Tracer. 
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2N2G38 - 2N3638A 
PNP HIGH CURRENT SWITCHES 


© DIFFUSED SILICON PLANAR* EPITAXIAL TRANSISTORS 


PHYSICAL DIMENSIONS 
FAST SWITCHING --t,, = 75 ns (max.) @ 300 mA Epoxy package 


++ tog == 170 ns (max.) @ 300 mA TO-105 
© HIGH BETA -- hee 100 (min.) @ tg = 50 mA 
© HIGH CURRENT-- Up to 500 mA 
LOW Vog(sat) «= 1.0 Volt (max.) @ 300 mA _ ~_ ® 
* LOW COST IN ALL QUANTITIES 


MAX 
325 Oi 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
Maximum Temperatures 


Storage Temperature —55°C to +125°C 
Operating Junction Temperature 125°C Maximum 
Lead Temperature (Soldering, 10 sec time limit) +260°C Maximum 
Maximum Power Dissipation 
Total Dissipation at 25°C Case Temperature (Notes 2 and 3) 0.7 Watt 
at 25°C Free Air Temperature (Notes 2 and 3) 0.3 Watt 
Maximum Voltages and Current . 
Vero Collector to Base Voltage — 25 Volts 
Voces Collector to Emitter Voltage — 25 Volts WORE: bn once ma mchns 
Voto Collector to Emitter Voltage (Note 4) — 25 Volts Pechage ow eectcaty Non 
Veo Emitter to Base Voltage —4.0 Volts Package wenght 60 66 gram 
le Collector Current (Note 2) 500 mA 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


2N3638 2N3638A 
SYMBOL CHARACTERISTIC MIN. TYP. MAX. MIN. TYP. MAX. UNITS TEST CONDITIONS 


DC Pulse Current Gain (Note 5) 140 flo= LOMA Va, = —10V 
DC Pulse Current Gain (Note 5) 20 70 160 I, = 10 mA Vee = —10V 
DC Pulse Current Gain (Note 5) 30 67 130 1. = 50 mA Veg = — LOV 
DC Pulse Current Gain (Note 5) 20 40 50 1¢ =300mA VQp= — 2.0V 
Veg(sat) Pulsed Collector Saturation Voltage (Note 5) . 0.08 -0.25 -0.08 ~—0.25 1, = 50 mA 1, = 2.5 mA 
Vog(sat) Pulsed Collector Saturation Voltage (Note 5) —0.38 -1.0 -0.38 -1.0 15 == 300 mA 1,30 mA 
Vego(sust) Collector to Emitter Sustaining Voltage (Notes4&5) —25 - is I. = 10 mA ,=0 
(pulsed) : 
BVcao Collector to Base Breakdown Voltage ; Io =100npA 1,=0 
BV ces Collector to Emitter Breakdown Voltage lo =100;A Vp =0 
Turn On Time (Note 6) Io 300 mA 1g, ~ 30 mA 


Turn Off Time (Note 6) Io 300 mA ty, = 30 mA 

i —% Igy = — 30 mA 
High Frequency Current Gain (f = 100 MHz) : ; . (| 1, = 50 mA Veg = — 3.0V 
Common-Base, Open-Circuit Output Capacitance 2 . I, =0 Veg = — 10V 
Common-Base, Open-Circuit Input Capacitance I. =0 Veg = — OSV 


*Planar is a patented Fairchild process. 
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| FAIRCHILD TRANSISTOR 2N3569 | 


SMALL SIGNAL CHARACTERISTICS (f=1.0KC) 


Characteristic Units Test Conditions 


Input Resistance 


Output Conductance 


Voltage Feedback Ratio 


Small Signal Current Gain 


NOTES: 
(1) These ratings are limiting values above which the serviceability of any individual] semiconductor device may be impaired, 


(2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations. 


(3) These ratings give a maximum junction temperature of 125°C and junction-to-case thermal resistance of 125°C/Watt (derating factor of 8.QmW/°C; junction-to- 
ambient thermal resistance of 333°C/Watt (derating factor of 3.0 mW/°C, 


(4) Rating refers to a high-current point where collector-to-emitter voltage is lowest. 
(5) Pulse Conditions: length = 300 usec; duty cycle < 1%. 


2NZEGE- 
@ NPN GENERAL PURPOSE TYPE 


DIFFUSED SILICON PLANAR EPITAXIAL TRANSISTOR 


The 2N3569 is an NPN silicon PLANAR epitaxial transistor designed primarily for amplifier and 
PHYSICAL DIMENS ONS 

switching applications over a wide range of voltage andcurrent. This device features a useful beta Epoxy package 

range to 500 mA and low saturation voltage. High collector-to-emitter voltage allows operation to 


40 volts, 


ABSOLUTE MAXIMUM RATINGS [Note 1] 


Maximum Temperatures 


Storage Temperature -55°C to +125°C 
Operating Junction Temperature +125°C Maximum 
Lead Temperature (Soldering, 10 sec time limit) +260°C Maximum 


Maximum Power Dissipation 


Total Dissipation at 25°C Case Temperature (Notes 2 and 3) 0.8 Watt 
at 25°C Free Air Temperature (Notes 2 and 3) 0.3 Watt 


NOTES Ab Gmensions on snches 
Leas are gold plates nova 


Maximum Voltages 


Package weight 0 bé gram 


Vono Collector to Base Voltage 80 Volts 
Vo EO Collector to Emitter Voltage (Note 4) 40 Volts 
VERO Emitter to Base Voltage 5.0 Volts 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


Symbol Characteristic Min. Typ. Max. Units Test Conditions 


DC Pulse Current Gain (Note 5) 100 150 300 
DC Pulse Current Gain (Note 5) 100 


Voplsat) Collector Saturation Voltage ~ 0.1 0.25 
(pulsed, see note 5) = 


Vig lsat) Base Saturation Voltage 
(pulsed, see note §) 


High Frequency Current Gain (f = 20 Mc) 
Common Base Open Circuit Output Capacitance 
Common Base Open Circuit Input Capacitance 


50 mA 


Collector Cutoff Current 

Collector Cutoff Current 

Emitter Cutoff Current 

Collector to Base Breakdown Voltage 


0 
0 
0 
0 
0 


1 
Ip 
'o 
Ip 
Te 
Io 


so 


100 pA 


Collector to Emitter Sustaining Voltage = 30 mA 
(Notes 4 and 5) (pulsed) 


= 10 pA 


- 
Q 


— 
*) 


Emitter to Base Breakdown Voltage 


Copyright 1964 by Fairchild Semiconductor, a division of Fairchild Camera and Instrument Corporation 
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TYPICAL DC-BETA CHARACTERISTICS 
FOR TYPE 2N3055 


COLL 


OC FORWARD-CURRENT TRANSFER RATIO (hee) 


4 
0.08 oO. iRe) 10 


COLLECTOR CURRENT (Ic)—A 


Fig. 26 


92CS4230IRI 


2N3053 2N3054 2N3055 
Including 40372 40389 40392 


TYPICAL INPUT CHARACTERISTICS 
FOR TYPE 2N3055 
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TYPICAL OUTPUT CHARACTERISTICS 
FOR TYPE 2N3055 
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TYPICAL TRANSFER CHARACTERISTICS 
FOR TYPE 2N3055 
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7 TYPICAL GAIN-BANDWIDTH PRODUCT 


FOR TYPE 2N3055 


COLLECTOR-TO-EMITTER VOLTAGE (Veg)=4V 
CASE TEMPERATURE (Tc)= 25°C 
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2N3053 2N3054 2N3055 
Including 40372 40389 40392 


REVERSE-BIAS, SECOND-BRE AKDOWN 
CHARACTERISTICS FOR TYPE 2N3054 
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REVERSE-BIAS, SECOND-BRE AK DOWN 
CHARACTERISTICS FOR TYPE 2N3055 


CASE TEMPERATURE (T-)= 25°C 
INDUC TANCE (L)* 200 mH 
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TYPICAL DC-BETA CHARACTERISTICS 


CASE TEMPERATURE (Tc)=25°C (ALL TYPES) 
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2N3053 2N3054 2N3055 


Including 40372 40389 40392 FILE NO, 145 
DISSIPATION DERATING CURVE FOR DISSIPATION DERATING CURVE FOR 
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RESISTANCE FOR TYPE 2N3054 ° RESISTANCE FOR TYPE 2N3055 
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MAXIMUM OPERATING AREAS FOR TYPE 2N3055 
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ELECTRICAL CHARACTERISTICS 
Case Temperature (Tc) = 25°C, Unless Otherwise Specified 


TEST CONDITIONS LIMITS 


Dc Dc DC Ty pes Types Type 
Current 2N3053 2N3054 2N3055 


milliamperes 


Characteristics Collector 


Collector-Cutoff Current 


At Tc = 150°C 


Emitter-Cutoff Current 


DC Forward-Current 


Transfer Ratio 


Vv 


Collector-to-Base 
Breakdown Voltage 


Emitter-to-Base 
Breakdown Voltage 


| 4 


Collector-to-Emitter 
Sustaining Voltage: 


With base open 


re 


< 


With external base-to-emitter 
resistance 


(Rep) = 109 VcerR(sus) 1002 


With base-emitter Vcgvisus) -1.5]100 
junction reverse biased 


_ 
oO 
oS 


<= 


Base-to-Emitter 
Saturation Voltage 


Collect or-to-Emitter 
Saturation Voltage 


Smal]}-Signal, Forward Current 
Transfer Ratio (At 20 MHz) 
Gain-Bandwidth Product sae a 


fy 
Ouipat Capacitance me i ld 
2 ee 
aa 


aa 
3 
Lz] 


Input Capacitance Cip | jos} jot | 
Power Rating Test PRT BEI MME a = 


Thermal Resistance: 


35(max.) | 6(max.) — 1.5 |°C/W 
Junction-to-Case ahe0e? aNales 

25(max.) — °Cc/¥ 

40392 

175(max.) | 30(max.) °C/W 
Junction-to-Free Air Oy pa aHetss aoete 

50(max.) °C/W 

40389 


“Pulsed; pulse duration = 300s, duty factor = 1.8 %. Dat LISW. 


RGA POWER TRANSISTORS 


RCA-2N3053, 2N3054* , and 2N3055* are silicon n-p-n transistors 
intended for a wide variety of medium to high-power applications, 


The 2N3053 is a triple-diffused planar type useful up to 20MHz in 
small-signal, medium-power applications. 


The 2N3054 and 2N3055 are Hometaxiol-base™ types useful for power- 
switching circuits, for series- and shunt-regulator driver and output stages, 
and for high-fidelity amplifiers. 

* Formerly Dev. Type Nos. TA2402A and TA2403A, respectively. 


**““Hometaxial’* was coined by RCA from ‘‘homogeneous” and ‘‘axial’’ 
to describe a single-diffused transistor with a base region of homogene- 
ous-resistivity silicon in the axial direction (emitter-to-collector). 


ALSO AVAILABLE... 


Type 40372 is a 2N3054 with a 
factory-attached heat radiator, 


Type 40389 is a 2N3053 with a 
factory-attached heat radiator. 

Types 40372 and 40389 are Intended 
for printed-cireult-board applica- 
tions. 


Type 40392 is a 2N3053 with a fac- 
tory-attached diamond-shaped moun- 
ting flange. 
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MAXIMUM RATINGS 


2N3053 2N3054 2N3055 
Absolute-Maximum Values: 40389, 40392 40372 
COLLECTOR-TO-BASE VOLTAGE .... Vogo 60 90 Too v 
COLLECTOR-TO-EMITTER VOLTAGE: 
With 71.5°V (Vp) of reverse bias..... Verylsus) 60 90 100 
Wilh external base-to-emitter 
resistance (Rup) = 10 a 5 aR aaa ANE VegeR(sus) 50 = = Vv 
@ WOOD ec scz specs Veen(sus) — 60 70 Vv 
With base open... 2.2.02. 2000 eee Verolsus) 40 55 60 Vv 
EMITTER-TO-BASE VOLTAGE....... VeRO 5 7 7 y 
COLLECTOR CURRENT........... Ic 0.7 4 15 
BASE CURRENT 6 6 6 sae ceed ace wares 'p — 2 7 A 
TRANSISTOR DISSIPATION:......... Pr 
Al case temperatures up to 25°C ..... 5(2N3053) 29(2N3054) 1s Ww 
7(40392) = — 8 
At free-air temperatures up to 25°C... . 1(2N3053) 5.8(40372) _- Ww 
3.5( 40389) =< — e 
At temperatures above 25°C, See Figs. . b 2ekc$ 2,3,46 2,4,46 


TEMPERATURE RANGE: 
Storage & Operating (Junction)... .... 
LEAD OR PIN TEMPERATURE 
(During soldering): 
Atdistance > 1/32” from seating 
plane for 105 max. 


+———_ -65 to 200 ———> °C 


RADIO CORPORATION OF AMERICA 
ELECTRONIC COMPONENTS AND DEVICES, HARRISON, N.J, 


Traodemark{s) ®@ Registered 


283053 213094 
2113630 


TTC Se 


= 40372 40389 40392 


SHLICEN [-P-l GENERAL-PURPOSE 
TYPES FOQ KSUSTRIAL ALD 
COWINERSIAL APPLICATIONS 


rae 
oe 2 
H-1340 
2N3054 
JEDEC TO-66 


H-1380 


2N3053 
JEDEC TO-5 


2 yf 
2N3055 
JEDEC TO-3 


© Maximum area-of-operation curves for DC and 
pulse operation 


© Now possible to determine maximum operating 
conditions for operation free from second break- 
down 


Mane 
23053 
© Low leakage current (lc po) and wide beta (hee) 


range 


23034 
© VeEy(sus) = 90V min. 


© Low saturation voltage, Vee(sat) = 1.0V 
(at Ic = 0.5A) 


21308 


© High dissipation capobility --115W 
© Vceylsus) = 100V min. 


© Low saturation voltage, Vee(sat) = 11V 
(ot lc = = 4A) 


Printed in U.S.A. 
2N3053, 40389, 40392, 
2N3054, 40372, 2N3055 8/66 
Supersedes issue dated 10/64 


Marcas) Registroda(s) 


SMALL SIGNAL CHARACTERISTICS (f=1.0 kHz) 


Characteristic Test Conditions 


Input Resistance 

Output Conductance 
Voltage Feedback Ratio 
Small Signal Current Gain 


NOTES: 


q) 
(2) 
@) 


(4) 
(5) 


These ratings are limiting values above which the serviceability of any individual semiconductor device may be Impaired 
These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations 


These ratings give a maximum junction temperature of 125°C and junction-to-case th “ 
Tia cae eee psiataace of 240°C / Wit ican wane at 3h ere. ermal resistance of 125°C/Watt (derating factor of 8.0mW/°C; junction-to- 


Rating refers toa high-current point where collector-to-emitter voltage is lowest. For more information send for Fairchild Publication APP-4/2 
n = . 


Pulse Conditions: length = 300 ys; duty cycle < 1%. 


4-48 


20 


© LOW NOISE - -NF = 1.5 dB (TYP) @ 1.0 kHz 


* HIGH GAIN --h,, = 60 (MIN), 220 (TYP) @ 1.0 mA 


hee = 50 (TYP) @ 50 yA 


* BREAKDOWN VOLTAGE --LV..9 = 18 VOLTS (MIN) 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
Maximum Temperatures 

Operating Junction Temperature 
Storage Temperature 


Lead Temperature (Soldering, 10 second time limit) 


Maximum Power Dissipation 


Total Dissipation at 25°C Case Temperature (Note 2) 


at 25°C Ambient Temperature (Note 2) 


Maximum Voltages and Current 


Voro Collector to Base Voltage 
Vero Collector to Emitter Voltage (Note 3) 
Veo Emitter to Base Voltage 


2N3133 


NPN HIGH-GAIN, LOW-NOISE AMPLIFIER 


DIFFUSED SILICON PLANAR* TRANSISTOR 


PHYSICAL DIMENSIONS 
in accordance with JEDEC (TO-106) outhne 


- 125°C Maximum 
—55°C to +125°C 
260°C Maximum 


0.5 Watt 


ss 0.2 Watt Lead No 2 


Collector 


20 Volts 
18 Volts 
3.0 Volts 


NOTES: All dimensions in inches 
All leads electrically ssolated from case 
Package weight S0.3) gram Package 
1s electrically non-conductive material 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


SYMBOL 


fe 
NF 


Vo, (sat) 


leBo 

lego (65°C) 
Ci. 

BVca0 
Vero (sust) 
BY E86 
Vae(on) 


fe 


NOTES: 


CHARACTERISTICS 


DC Current Gain 

DC Current Gain 

High Frequency Current Gain (f = 20 MHz) 
High Frequency Current Gain (f == 20 MHz) 
Narrow Band Noise Figure (f = 1.0 kHz) 


Collector Saturation Voltage 
Collector Cutoff Current 

Collector Cutoff Current 
Collector-Base Capacitance 
Collector to Base Breakdown Voltage 


Collector to Emitter Sustaining Voltage (Notes 3 and 4) 


Emitter to Base Breakdown Voltage 
Base to Emitter On Voltage 
Small Signal Current Gain (f = 1.0 kHz) 


TYP. MAX. UNITS TEST CONDITIONS 


220 1000 I, = 1.0 mA 
50 Ig = 50 pA 
13 lo = 50 pA 
lo = 1.0 mA 
15 I, = 30 2A 
PWR BW = 200 Hz 
lo = 1.0 mA 
I; =0 
I; =0 
i, =0 
Ic = 100 pA 
I, = 3.0 mA 
I, = 10 yA 
Io = 100 nA 
I, =1.0 mA 


“Planar is a patented Fairchild process. 


(1) These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 


(2) These ratings give a maximum junction temperature of 125°C and junction to case thermal resistance of 200°C/Watt 


thermal resistance of 500°C/Watt (derating factor of 2.0 mW/°C). 
(3) Rating refers to a high-current point where collector to emitter voltage is lowest. 
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(4) Pulse Conditions: fength = 300 us: duty cycle = 1%. 
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SEMICONDUCTOR 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 


4-180 


(derating factor of 5.0 mW/*C); junction to ambient 


Small-Signal, Common-Source, 


Small-Signal, Common-Source, 


VHF/UHF AMPLIFIER APPLICATIONS 


Silicon planar epitaxial construction + high transconductance 
low capacitance ° low noise - specified for 400 MHz operation 


(LAG Z2N4416A: 2N4417 


N-CHANNEL FIELD EFFECT TRANSISTORS ’ 


_ we 
GUN ION 
COYNEWSS OE 


SEMICONDUCTOR 


FOR 


MAXIMUM RATINGS 


@ 25°C (UNLESS OTHERWISE NOTED) 


Drain to Gate Voltage 


Drain to Source Voltage 


Source to Gate Voltage 


Gate Current 


SYM. 2N4416 2N4416A 2N4417 
Vic 30 35 30 
Vion 30 35 30 
Vso 30 35 30 

ee ee 


Total Device Dissipation 
at or Below Ambient Temperature 
Linear Derating Factor 


Pye 300 300 175 
Ts 25 25 25 
a7 1.7 1.0 


Total Device Dissipation 
at or Below Case Temperature 
Linear Derating Factor 


Storage Temperature 


Lead Tempernture for 10 Seconds 


Gate to Source Breakdown Voltage 
Total Gate Leakage Current 
Total Gate Leakage Current (150°C) 


ELECTRICAL CHARACTERISTICS 


@ 25°C (UNLESS OTHERWISE NOTED) 


=%,-35 [oy Tg = THA, Van = 0 
loss nA Vas = —20 V, Vos = 0 
T, = +150°C 


Zero Gate Voltage Drain Current* 


Vs = 15 V, Vog = 9 


Gate-Source Cutoff Voltage 


Vos = 15 V, 1, = 1.0nA 


Small-Signal, Common Source, Short 
Circuit, Forward ‘Transadmittance* 


Small-Signal, Common Source, Short 
Circuit, Output Admittance 


Vos = 15 V. Veg = 9 


Sma!l-Signal, Common-Source, 
Short-Circuit, Reverse Transfer 
Capacitance 


= 1kHz 
Vos = 15 V, Vag = 9, 
f= 1kHz 
Voy = 15.-V, Veg = 9, 
f = | MHz 


Short-Circuit Input Capacitance 


Short-Circuit Output Capacitance 
Small-Signal, Common-Source, 
Short-Circuit Input Conductance 


Smal!-Signal, Common-Source, 
Short-Circuit Input Susceptance 


Smal!t-Signal, Common-Source, 
Short-Circuit Input Conductance 


Small-Signal, Common-Source, 
Short-Circuit Input Susceptance 


Small-Signal, Common-Source, 
Short-Circuit Output Conductance 


f= 1 MHz 

Vax = 15 V, Veg = 0, 
f= 1 MHz 

Vog = 15 V. Vag = 9, 
f = 400 MHz 

Vos = IV, Veg = 9, 
f = 400 MHz 

Ving = 15 V, Vox = 9, 
f = 100 MHz 

Vog = 15 V. Vay = 9% 
f = 100 MHz 

Vos = 15 V, Vag = 9, 
{ = 400 MHz 


ee a if 
GENERAL INSTRUMENT << PRELIMINARY 


GENERAL MTOS TRANSISTOR =: | DECEMBER, 1968 
; See Beek eral : = ee a 
} ws 
INSTRUMENT N-CHANNEL ENHANCEMENT MODE MEM 62¢c 
SILICON INSULATED GATE FIELD ; 


EFFECT TRANSISTOR 


Crarier 


FEATURES CR 
¢ 10% ohms input resistance AN = wie 

¢ Normally off with zero gate voltage 54 ei / DEN VE 

e Square low transfer characteristics 465 EAST EVANS PL. 

e Low insertion loss - 

e Low input and output capacitance PaNVER, COLORADO 80222 


APPLICATIONS 
© Logic circuits 

* Switches 

e Choppers 

e Multiplexers 2 . 
e Audio/RF Amplifier, Oscillators 

* Operational! Amplifiers 


MAXIMUM RATINGS 
(T, = 25°C unless otherwise speciiied) 


Drain to Source Voltage... 00... cecececeeeettceeees +20 Volts 
Gate to Source Voltage 0... eee. siecisa i adtanastuceen +10 Volts 
Gate:to Drain VORA Be: is..cicsscisimnnnniannenacrwiaimdronicannentns SO) VORS . 
Drain Current I> rosa boise tities. Limited by Dissipation 
Storage Temperature ........... ciddudieninazncocatenitnediwonctsextsencs DO tOL2o GC 
Operating Junction Temperature geavnenes —50 to 100°C 
Total Dissipation @ 25°C Ambient Temperature 175 mW 

@ 25°C Case Temperature. 500 mw 


ELECTRICAL CHARACTERISTICS 
(Ts = 25°C, unless otherwise specified) 


Bottom view 


Ves (thy | Gate-to-Source 
Threshold Voltage 


Drain Leakage Current 


nA Vos = +10V, Ves = OV 
TERMINAL 
pA Ves _ +10V, Vos = OV DIAGRAM 


ln < +10nA, Ves = OV 


Gate Leakage Current 


Drain Breakdown 
Voltage 


Drain-to-Source 


ohms | Ves = +10, lo = 0.1mA 
on Resistance , 


mA |Vos = Vos = +10V 
pmhos| Vos = +10V, lo = 2mA, f = 1kHz 


Drain Current 


Forward 
Transadmittance 


Cis Total Gate Input Ves = OV, Vos = +10V, f = 1 MHz 
Capacitance 
Con Total Drain Output Ves = OV, Vos = +10V, f = 1 MHz 
: Capacitance LEAD 
Cys Gate-to-Drain Vos = OV, Vos = OV, f = 1 MHz 
Capacitance 
: F - Source 
+ 
D1 Turn on Delay Time See Figure 1 sigata 
Ty, Rise Time See Figure 1 . Drain 


. Substrate, case 


Turnoff Time 


See Figure 1 


_GENSRAL INSTRUMENT ; CORPGRATION nihee ye 
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NOTE: All dimensions in inches 
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TYPICAL CHARACTERISTIC CURVES 
MEM 517C 


aetesy weave HSS Wo. ke - asi ers 


@. CHARACTERISTICS AT 25°C DRAIN CHARACTERISTICS AT 25°C TURN-ON CHARACTERISTICS AT 25°C 
Vos (VOLTS) Vos (VOLTS) Ves = Vos (VOLTS) 


tp (ma) 


SMALL SIGNAL EQUIVALENT CIRCUIT 
(Conditions: Vcs = Vos = —10V) 
In = 6OMA 


HANDLING PRECAUTIONS 


MEM 517C insulated gate field effect transistors 
have been designed with an integrated zener diode 
which clamps the high internal resistance (10° 
ohm typical) gate, to the body. This clamp elimi- 
nates the detrimental effects of high electrostatic 


rea CHARACTERISTIC voltages on the gate that can be generated in 
| Diodes All diodes are to be considered perfect diodes normal handling. 
ji tgs Gate to source leakage resistance and diode ohms 
leakage resistance 
j te Dynamic drain resistance Kohms 
| Co Gate to source capacitance pF 
Cea Gate to drain capacitance 
{Cas Drain to source capacitance 
| Cop Gate to body capacitance 
i Co Drain to body capacitance 
Cw Source to body capacitance 


Forward transadmittance 


7 5 a ‘- rm . ata 
SENECA AA EN SS TS NF a Pe = eae sr ai aan emt em e, 
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INSTRUMENT 


P CHANNEL-ENHANCEMENT MODE 
SILICON INSULATED GATE 
FIELD EFFECT TRANSISTOR 


FEATURES: 


e 10' ohms input resistance 
y e Integrated zener clamp protects the gate 
. e Normally off with zero gate voltage 

e Square Law transfer characteristics 


. ° 
, APPLICATIONS: 
(Designed Primarily For Power Audio, Radio Frequency and Commutating 
Applications.) 
e Audio output stages 
e Series and shunt choppers . 
e Operational! amplifiers 
e Logic circuits 
e Linear RF power amplifiers 
e Multiplexers 
MAXIMUM RATINGS: 
(T, = 25°C, unless otherwise specified) 
Drain to Source Voltage ooo. ce cceccccccscecescecscessescesesvessessarestesesvesteeeees —25v 
Gate to Source Voltage ...... 
Gate to Drain Voltage . 
: Drain Current ...... dreleras Grek alban, essen vavavises decontp eto eupebtueseseetiaccs 
%, Gate Current (Forward Direction for Zener Clamp) ........-...0..ccccc00.-. +0.1mA 
Storage Temperature ooo. cccccccccsceceseccecceseee. eh ssormeresyaaes —50 to 125°C 
Operating Junction Temperature 2.0 ooo cecceccecceeee cece. —50 to 100°C 
Total Dissipation at 25°C Case Temperature ...... revue messes 1.5 WATTS 
Total Dissipation at 25°C Ambient Temperature _...........................45 WATT 
ELECTRICAL CHARACTERISTICS: - 
(T, = 25°C, unless otherwise specified — body grounded) 
Gate Source Cutoff F Ves = Vos, lo = —10uA 
Voltage 
Drain Leakage Current Vos = —20V, Ves = OV 
Gate Leakage Current Ves = —15V, Vos'= OV 
Drain Current Ves = Vos = —10V 
Drain-Source lo = —10zA, Ves = OV 
Breakdown 2 
Gate to Source les = —10x#A, Vos = QV 
Breakdown 
Transadmittance 1 kHz, Ves = Vos = —-10V 
Gate to Source Vos = Vos = —10V 
Capacitance 
Gate to Drain Vos = Vos = —10V 
Capacitance 
Drain to Source i : Ves = Vos = —10V 
Capacitance 
Fosters) | Drain to Source Ves = —20V, los = —10mA 
on Resistance 
») Fosiey | Drain to Source Yes = —10V, los = —10mA 
on Resistance 
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Bottom view 


Note: All d 


imensions in inches. 


TERMINAL DIAGRAM 


Lead 
1s 


2 
3. 
4 


Drain 


. Gate 


Body (Case) 


. Source 
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SMALL SIGNAL EQUIVALENT CIRCUIT (25°C, f = 1 kHz, Vos =-5V, Vas = 0) 


fir = 
ee] 0.0004 jemho 


ee = > 
OOlumho Ar 14 pf om Fr 3.6 pf 'Symho 
a . ie ie alee aa 
7 Ss 


} 


“ Photocurrent division above is 0.5:0.5 instead of 0.3:0.7 
with positive gate bias larger than 0.5 volts. 


TYPICAL NOISE DATA TYPICAL SPECTRAL RESPONSE 


RELATIVE RESPONSE 


TOTAL EQUIV INPUT NOISE —,V//Hz 


IK 
FREQUENCY —Hz 


PHOTOMETER CIRCUIT 


A, 
RANGE 
RESISTOR 
VALUE 


oO. = 
02 03 04 05 O06 O7 O08 O9 10 LI t2 


WAVELENGTH — microns 


FULL-SCALE 
OPTICAL DENSITY 
CALIBRATION | 


be 10K 
100 K 
I meg 

$0 meg 

100 meg 


L8K 


Co 


0.0 (100% TRANSMISSION) 
tO (lO% TRANSMISSION} 
2.0 (1% TRANSMISSION) 

3.0 (01% TRANSMISSION) 
4.0 (0.01% TRANSMISSION) 


Printed in USA 


mn eee 


Viau tS 1965 
\ May 15, 19 | 
re CEN 
eo test ea \ Se ee ee | 
svt oR \ \ P-CHAUIEL SILICGN JUNSTIC? | Lae, 
wo uy Ss POTOSENSITIVE FIELD-EFFECT TRANSISTORS — 
Coll US je —_———— —_— | 
FUNCTIONALLY INTEGRATED PHOTODIODE > 1408 E553 oa ay eee 
AND LOW-NOISE AMPLIFIER wane 1 88 | Gites To 
oat t= | ite "ade 44 yak K use 
O High Input Sensitivity a le ER ‘oa es OO | 
Fy ent: 1 ena D Lo pene esas i 
ie en — "9 / | 27> i 
O Adjustable Threshold BA Houncs een | 
JEDEC TO-18 with Top Lens = — 
The gate is in clectrica) contact with the case us 
PRODUCT CONDITIONING . an 
“et 
Units receive the following treatment before final electrical tests: | <+- 
High Temperature Storage: 72 hrs at 150°C 35,000¢ Centrifuge in the Y, Plane | = 
Thermal Shock in Liquid +100 to 0°C for Helium and Gross Leak Tests for ot 
5 cycles; 3 sec Max Transfer Time Hermeticity sat 
= 
ABSOLUTE MAXIMUM RATINGS (25°C) | : 
H is 
Gate-drain or gate-source voltage (Note lh, ......., [c@ Pav rane ea gsiy | we. 
Total device dissipation at (or below) 25°C free-air temperature (Note 2). . 300 mw “4} 
Storage temperature PS 8 96 ee iB, SW iy ok wy saad ks «+ - « . ~65 to +200°C | = 
| = 
O ELECTRICAL CHARACTERISTICS Equivalent to 2N2608 (25°C unless otherwise noted) = 
Unit Radiant Power Density) cS 
D* _etectivity L ; 


) 


Vos =% Vg 


BW = 16%, Reon =1MQ 


==5V; {= 1 kHz 


NF Noise Figure (Note 3) 


Xenon Flash Source 
Rg= 0; Ry = 330 Q 


Vos =0, Vos = “5 V 


Response Time a 


10% to 90% Points 


* 
(Note 3) 


loss Gate-Source Dark Current 


=0, T, =150°C 


loss Gate-Source Dark Current (Note 3) S A 


=5V, XY 


Toss Drain Current at Zero Gate Voltage 


Vp Gate~-Source Pinch-Off Voltage (Note 3) 
Efs Common-Source 

Forward Transconductance 
Cres 


Ip = -1HA, Vyg=-5 V 


Vas =0, Vos =-5V, {=1 kHz 1000] 1600 
Common-Source Input 
Capacitance (Output Shorted) 
NOTES: 


i 
| 
Due to symmetrical geometry, these units may be Operated with source and drain leads interchanged, | 
Derate linearly to +175 free-air temperature at the rate of 2 mW/c°, 

Measured under dark conditions, : 


Refer to the 2N2606-9 series data sheet for typical characteristic curves on the 2N2608. 


i? i. oe —_——--- ——_-——— re meee: 


)} ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-E mitter Breakdown Voltage } 
! 

| 

{ 


(tc = 1.0 mAdc, Ig = 0} MPS-U55 
MPS-US6 


Emitter-Base Breakdown Voltage 


(Ie = 100 pAdc, Ic = 0) 


(Veg = 40 Vdc, IE = 0) -MPS-U55 


| Collector Cutoff Current 
| (Vcg = 60 Vde, Ie = 0) MPS-U56 


ON CHARACTERISTICS 


DC Current Gain 
(le = 50 mAdc, Vcg = 5.0 Vdc) 

(Ig = 250 mAde, Veg = 1.0 Vdc) 
(Ig = 250 mAdc, Vc = 5.0 Vdc) 
(I¢ = 500 mAdc, Vcg = 5.0 Vdc) 


Collector-Emitter Saturation Voltage VCE (sat) Vde 
(Ic = 250 mAde, Ig = 10 mAdc) 
(Ic = 250 mAdc, 1p = 25 mAdc) i 

Base-Emitter Saturation Voltage VBE (sat) 0.86 - Vde 
(Ic = 250 mAde, Ig = 25 mAdc) 

Base-Emitter On Voltage VBE(on) Vde 
(ic = 250 mAdc, Veg = 5.0 Vdc) ; 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain--Bandwidth Product 
(Ic = 250 mAdc, VcE = 5.0 Vac, f = 100 MHz) 


Input Sacre 
(Vee = 0.5 Vde, Ic = 0, f = 100 kHz) 


V, VOLTAGE (VOLTS) 


hee, OC CURRENT GAIN 


Ey 


0 a 
200 300 500 10 20 30 5070 10 20 30 50 70 100 200 300 500 


20 «30 50 70 100 
ic. COLLECTOR CURRENT (ma) 5 ic, COLLECTOR CURRENT (ma) 


FIGURE 3 — DC SAFE OPERATING AREA a 


There are two limitations on the power handling ability of a 
transistor: junction temperature and secondary breakdown. Safe 
operating area curves indicate lc — Vcg limits of the transistor that 
must be observed for reliable operation; i.e., the transistor must 
not be subjected to greater dissipation than the curves indicate. 

The data of Figure 3 is based on TJ(pk) = 135°C; T¢ is variable 
depending on conditions. At high case temperatures, thermal 
limitations will reduce the power that can be handled to values less 
than the limitations imposed by secondary breakdown. 


- Secondary B Bieskaten Limited— 
= Bonding Wire Limited 


tc. COLLECTOR. CURRENT (AMPS) 


10 208 30 $0 70 WW 20 30 60 80 100 
Vce. COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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BOX 20912 4 PHOENIX, ARIZONA 85036 
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N-CHANNEL JUNCTION FIELD-EFFECT TRANSISTORS 


‘ 


Depletion mode (Type A) Junction Field-Effect Transistors designed 
for VHF/UHF amplifier applications. 


© Low Noise Figure — 
NF = 2.0 dB (Max) @ f = 100 MHz (2N5485, 2N5486) 
= 4.0 dB (Typ) @ f = 100 MHz (2N5484) 
= 4.0 dB (Max) @ f = 400 MHz (2N5485, 2N5486) 


Low Input Capacitance — Cjsg = 5.0 pF (Max) 
Low Output Capacitance — Cog¢ = 2.0 pF (Max) ss 
Low Transfer Reverse Capacitance — Crsgg = 1.0 pF (Max) 


High Power 3ain — 
Gps = 18 dB (Min) @ f = 100 MHz (2N5485, 2N5486) 
= 14 dB (Typ) @ f = 200 MHz (2N5484) 
= 10 dB (Min) @ f = 400 MHz (2N5485, 2N5486) 
® High |yfs|/Ciss Ratio (High Frequency Figure of Merit) 


@ High Maximum Stable Gain Due to Drain and Gate Lead Separation 


/ MAXIMUM RATINGS 


Drain-Gate Voltage lnc | | Vde 
Reverse Gate-Source Voltage Vv Vv 
e€ Cc [4 GS(r) } | ‘dc 


a 
Forward Gate Current . low | 0 | made, | 
Total Device Dissipation €T, =25°C mW 

Derate above 25°C mw/Cc 

Operating and Storage Junction - Ty T -65 to +150 2G 

Temperature Range stg 


ELECTRICAL CHARACTERISTICS (1c = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage v Vde 
=e 2 (BR)GSS 
(I, 1,0 pAde, Vos = 0) - 
Gate-Source Cutoff Voltage Yescott) Vde 
(Vos #15 Vdc, In = 10 nAdc) . 2N5484 -3.0 
2N5485 -4.0 
2N5486 -6.0 
Gate Reverse Current Gss nAdc 
Gs = -20 Vde, Vos = 0) -1.0 
Vos = -20 Vdc, Vos =0, T, = 100°C) -0.2 uAdc 


ON CHARACTERISTICS 
Zero-Gate Voltage Drain Current 
(Vv = 15 Vdc, V =0) 2N5484 
DS cs 2N5485 


2N5486 
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2NS434 
thru 
ZNS436 


N-CHANNEL 


JUNCTION FIELD-EFFECT 
TRANSISTORS 


(Type A) 


AUGUST 1968 — PS 101 


5° (TYP) tT a 0.013 
ORAIN s ff GATE 
. ja | : 


0.045 
0.055 


SOURCE 


0.085 
0.095 ® 


TO-92 
CASE 29 (5) 
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ELECTRICAL CHARACTERISTICS (1, = 25°C unless otherwise noted) 


| Characteristic i] _ Symbol | Min | Typ | _Max | Unit | 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage ViBR)GSS 
Ug = 10 pAdc, Vos =,0) 2N5460, 2N5461, 2N5462 
2N5463, 2N5464, 2N5465 


Wo 
Vgs(off) 


Gate-Source Cutoff Voltage 
(Vos = 15 Vdc, Ib = 1.0 pAdc) 2N5460, 2N5463 
2N5461, 2N5464 
2N5462, 2N5465 


Gate Reverse Current 


(Veg = 20 Vde, Vyg = 0) 2N5460, 2N5461, 2N5462 
(Vgg = 30 Vde, Vig = 0) 2N5463, 2N5464, 2N5465 
(Vgg = 20 Vde, Vng = 0, Ty = 100°C) 2N5460, 2N5461, 2N5462_ 
(Vgg = 30 Ve, Vyg = 0, T, = 100°C) 2N5463, 2N5464, 2N5465 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current 
(Vg = 15 Vde, Vig = 9) 2N5460, 2N5463 
Us GS 2N5461, 2N5464 
2N5462, 2N5465 


Gate-Source Voltage 
(Vp = 15 Vde, Ib = 0,1 mAdc) 2N5460, 2N5463 


(V 
(V 


= 15 Vdc, 1, = 0.2 mAdc) 2N5461, 2N5464 
= 15 Vde, I, = 0.4 mAdc) 2N5462, 2N5465 


DS 
DS 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transadmittance 
(Vos = 15 Vde, Vas = 0, f= 1.0 kHz) 2N5460, 2N5463 
2N5461, 2N5464 
2N5462, 2N5465 


Output Admittance 
= 15 Vdc, Vos = 0, {= 1.0 kHz) 


Input Capacitance 


(Ving = 15 Vde, Vag = 0, f= 1.0 MHz) 


GS 


Reverse Transfer Capacitance 
Vos = 15 Vdc, Vas = 0, f= 1.0 MHz) 


Common-Source Noise Figure 
(Vos = 15 Vdc, Vos = 0, Rg 


BW = 1.0 Hz) 


Equivalent Short-Circuit Input Noise Voltage 
(Vos = 15 Vdc, Vos = 0, f= 100 Hz, BW = 1.0 Hz) 


= 1.0 Megohm, f = 100 Hz, 


7K KN 


Ip, DRAIN CURRENT (mA) Ip. ORAIN CURRENT (mA) 


Ip. DRAIN CURRENT (mA) 


DRAIN CURRENT versus GATE 


SOURCE VOLTAGE 
FIGURE 1 — 2N5430 and 2NS463 


04 O06 O08 10 1.2 14 
Ves. GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 2 — 2N5461 and 2N5464 


Vos=15V 


2.0 2.5 
Vos, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 3 — 2N54G62 and 2N5465 


3.0 40 


5.0 
Vgs. GATE-SOURCE VOLTAGE (VOLTS) 


2.0 


\Yts| FORWARD TRANSFER ADMITTANCE (umhos) 


E (umhos) 


|Y¢s| FORWARD TRANSFER AOMITTANC 


FORWARD TRANSFER ADMITTANCE 
versus DRAIN CURRENT 
FIGURE 4 — 2N5469 and 25463 


07 
Ip, DRAIN CURRENT (mA) 


’ FIGURE 5 — 2N5461 and 2N5464 


3.0 
Ip ORAIN CURRENT (mA) 


FIGURE 6 — 2N5462 and 2N5465 
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FIGURE 7 — OUTPUT RESISTANCE FIGURE 8 — CAPACITANCE VERSUS 
VERSUS DRAIN CURRENT DRAIN-SOURCE VOLTAGE 
Vos = 
3s f = 1.0 kHz 
E 
= 
° - 
a= we 
w s 
2 8 
E = 
cd E 
w Oo 
ce = 
5 3g 
= d 
bn | o 
oOo 
7] 
2 
0 
0.1 0.2 0.5 1.0 2.0 5.0 10 
Ip, ORAIN CURRENT (mA) Vos, ORAIN-SOURCE VOLTAGE (VOLTS) 
FIGURE 9 — NOISE FIGURE FIGURE 10 — NOISE FIGURE VERSUS 
VERSUS SEEN EN . SOURCE RESISTANCE 
_ 10 a - lati . 
9.0 
8.0 
s S 70 
w w 
2 2 
= &™ §0 
ua lu 
2 2 40 = 
2 =z ] 
“ uw 3.0 _— 
. ‘ Hl | 
2.0 
ws iat SHU lll 
: mill ail |i 
10 20 30 50 100 200300 500 1,000 20003000 10,000 1.0 i 100 1000 10,000 
f, FREQUENCY (Hz) Rs, SOURCE RESISTANCE (k Ohms) 


FIGURE 11 — EQUIVALENT LOW FREQUENCY CIRCUIT 


Common Source 
y Parameters for Frequencies 
Below 30 MHz 
Vis = 12 Cig 
Yos = 1 Cogn + Wross 
Yts~ Yfs | 
Vypg = IO Crcg 


*Cosp is Coss in parallel with Series Combination of Ciss and Crss. 


NOTE: 
1. Graphical data is presented for dc conditions. Tabular data is 


>) tC given for pulsed conditions (Pulse Width = 630 ms, Duty Cycle = 
10%). 
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MAXIMUM RATINGS 
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P-CHANNEL JUNCTION FIELD-EFFECT TRANSISTORS 


. . . depletion mode (Type A) Junction Field-Effect Transistors 
designed for use in general-purpose amplifier applications. 


o High Gate-Source Breakdown Voltage — 
ViBR)GSS = 60 Vde (Min) - 2N5463 thru 2N5465 


o Low Noise Figure — NF = 2.5 dB (Max) @f = 100 Hz - All Types 
o Low Reverse Transfer Capacitance — Crss = 2.0 pF (Max) - All Types 


o Interchangeable Drain and Source Terminals 


2N5460 | 2N5463 
2N5461 | 2N5464 
Rating Symbol | 2N5462 | 2N5465 |- Unit 
Drain-Gate Voltage Voc 40 60 Vde 
Reverse Gate-Source Voltage Ves(r) 40 60 Vde 
Forward Gate Current Toi) 10 mAdc 
Total Device Dissipation @ Ty 25°C Py 310 mW 
Derate above 25°C 2.82 mw/°C 
Storage Temperature Range Tote -65 to +150 ° 2¢ 
Operating Junction Temperature Range T, -65 to +135 “C6 


v 
« 


soe SORES OSOCBTSE SCHHSE CECH OCHS SOE GOOR SR BEHe eee” 


AA 


2rS460,2,4 


¢Aru 
ANS465 


P-CHANNEL 
JUNCTION 
FIELD-EFFECT 
TRANSISTORS 


TYPEA 


OCTOBER 1968 ~ DS 5279 R1 
(Replaces DS 5279) 


= | 
T 
0.175 
0.185 
Leads to fit into | 
0.016 19/32 
0.019 
DIA HOLE (TYP) 


ses 
rain 0.003 
5° (TYP) 0.013 ® 
: ‘ 
spores —~a 
0.085 0.045 


Case 29 (7) 
TO-92 


ty 6479 SO 
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ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 


¢ | Characteristic 


OFF Ch. ARS CTERISTIC 


Gate- Source Breakdown Voltage 
(Ig = ~10yAdc, Vps = 0) 
Gate Reverse Current 
(Vgs = -15 Vdc, Vps = 9) 


(ie aaa 


| (Vgg = -15 Vde, Vps = 0, Ta = 100°C) 


Symbol Min Typ Max Unit | 


BVGss 


Igss 


VGs(ott) 


| Gate-Source Cutoff Voltage 
| (Vpg = 15 Vdc, Ip = 10 nAdc) 2N5457 
| 2N5458 
2N5459 
= Gate-Source ilies 
ook 15 Vde, Ip = 100 » Adc) F 2N5457 
= 15 Vdc, I D* 200 pAdc) 2N5458 . 
is DS = 15 Vdc, 1 p= 400 pAdc) 2N5459 . 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current* Ipss* mAdc | 
(Vpg = 15 Vde, Vgg = 9) 2N5457 1.0 3.0 5.0 
| 2N5458 2.0 6.0 9.0 | 
| 2N5459 4.0 9.0 16 
DYNAMIC CHARACTERISTICS 
Forward Transfer Admittance* | Yial* 
(Vpg = 15 Vdc, Vgg = 0, f= 1 kHz) 2N5457 
2N5458 
2N5459 
Output Admittance* \Yos|* 
(Vps = 15 Vdc, Vgg = 0, f = 1 kHz) 
Input Capacitance Ciss 
(Vps = = 15 Vdc, Vas = 0,f = 1 MHz) 
Crss 


t 
| Reverse Transfer Capacitance 
(Vpg = nas Vdc, Vos = 0, {=1 MHz) 


“Pulse Test: Pulse Width < 630 ms; Duty Cycle < 10% 


MOTOROLA Semiconductor Products Ime. 


BOX 20912 ¢ PHOENIX. ARIZONA 65036 e A SUBSIDIARY OF MOTOROLA INC. 


1Pa8-s POTTED IN UA 6-88 PTL LIMO & SAP) JOM 


CODF 46,.7.1-2 12: 6.7.9-2 DS S207 1 


~ 4 


FMW --5/ 


BOX 20912. PHOE!iIIX, ARIZONA 85036 


aA SFOT 
2NS5459 


fy 2407S SQ 
6S0SNZ ‘8SSNZ ‘LSpSNZ 
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: | 
JUNCTION 
° FIELD-EFFECT 
o TRANSISTORS 
{ ° 
SYMMETRICAL 
° SILICON 
: SILICGN M-CHLANMEL Pe} N-CHANNEL 
te PIMC TION RISLOLS SSC rr oF rd he VRS 
Jon TiQiN FiclD-Ee; ECR RANSISTORS 4 JULY 1968 ~ DS 5207 R2 
(Replaces DS 5207 R1) 
e) 
° TypeA 
i>) 
... depletion mode (Type A) transistors designed for general-purpose 9 
audio and switching applications. pacare es nigh emperatures 
oO tat for easy pressure-molded, 
printed circult if mae resistant, 
mounting. plastic pachage 
° 
* N-Channel for Higher Gain ° 
® Drain and Source Interchangeable “ 
© High AC Input Impedance 
° High DC Input Resistance * 
. 19/32 inch, 
* Low Transfer and Input Capacitance © Kole plated nickel, 
° Low Cross-Modulation and Intermodulation Distortion fe) Feiable solder 
° Unibloc* Plastic Encapsulated Package 9 
ra) 
a) 
€ , 
ra) 
MAXIMUM RATINGS 3 
[ i pa i 
[ Characteristic | Symbol ° —- 
° 0188 
t Drain-Source Voltage Vps ° : 
i ’ | 
Drain-Gate Voltage Vv 
— se! e Leads to fit into 
i oR 7 0.016 19/32 
‘a everse Gate-Source Voltage Yos(r) 9 0019 
| Gate Current Ig ° seine 
— — 
| Total Device Dissipation @ T a= 25°C Pp . 
| Derate above 25°C o _| bose 
—- : 
Operating Junction Temperature | Ty ba gate 
; oO 
Storage Temperature Range Tstg C 
9 
QO 
9 
2° 0.095 R. 0.055 
es BOTTOM VIEW 
“ TO-92 
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Fig.7 - Typical static beta characteristics for types Fig.8 - Typical output characteristics for types 
2N5322 and 2N5323. 2N5322 and 2N5323. 
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Fig.9 - Typical input characteristics for types Fig.10 - Typical transfer characteristics for types 
2N5322 and 2N5323. . _ 2N5322 and 2N5323. 
Vagy - IS V 5 : 
AQUUST Ip,*Tpo Voc#30V TERMINAL DIAGRAMS 
(Bottom Views) 
OUTPUT TO r ©  2N5320 and 2N5321 2N5322 and 2N5323 
OSCILLOSCOPE anreieas 
CHANNEL A OSCILLOSCOPE 
zZ=108 9 = "CHANNEL B" 2 ° 
Ciy 220 pF Z=10°Q 
tr<l5ns 
Cin=20 pF 
5 uF tp <l5ns agli 
° iar © ©) —® 
2N5320¢ 
ee SENERATOR to operate}! 2N5321 
PULSE DURATION = — 
PULSE REP. FREQ.«10 kHz | CALIBRATE D 
43 Oo. tr <tOns OSCILLOSCOPE LEAD 1- EMITTER LEAD 3 - COLLECTOR, 
GROUND 
\ 4 eee LEAD 2 - BASE CASE 
* For 2N5322 or 2N5323, reverse direction of 'B, and 1g, and reverse 
polarity of Veg and Veg. 1 2 DIMENSIONAL OUTLINE 
a oe g Types 2N5320—2N5323 employ the JEDEC TO-5 Package. The di- 
Fig.11 - Circuit used to measure switching times for mensional outline for this package is shown in the RCA SEMICON- 
DUCTOR PRODUCTS DATABOOK (Form No.SPD-100) and in the 
types 2N5320, 2N5321, 2N5322 and 2N5323. RCA TRANSISTOR MANUAL (Technical Series SC-13). Also copies 
Oe of this dimensional outline can be obtained from RCA, Commercial 


RCA| Electronic Components | Harrison, N.J. 07029 Engineering, Harrison, N.1, 07029. 
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CASE TEMPERATURE (Tc)=25°C | 


(CURVES MUST BE DERATED LINEARLY —{—} 
6 WITH INCREASE IN TEMPERATURE) 


COLLECTOR AMPERES (Ic) 


FOR SINGLE 
NONREPETITIVE PULSE 
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COLLECTOR-TO-EMITTER VOLTS (VcE) 


92CS-15009 


Fig.] - Maximum operating areas for types 2N5320 
and 2N5321. 


COLLECTOR-TO-EMITTER VOLTS (Vc) = 4 
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Fig.3 - Typical static beta characteristics for types 
2N5320 and 2N5321. 
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BASE-TO-EMITTER VOLTS (VBE) 
92CS-15001 


Fig.5 - Typical input characteristics for types 
2N5320 and 2N5321. 
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Fig.2 - Maximum operating areas for types 2N5322 
and 2N5323. 
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Fig.4 - Typical output characteristics for types 
2N5320 and 2N5321. 
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Fig.6 - Typical transfer characteristics for types 
2N5320 and 2N5321. 
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ELECTRICAL 
CHARACTERISTICS, 
Case Temperature 

(TG) = 25°C 


DC 
Collector 


Seid 


or Base 


Volts 


Collector-Cutoff Current 


Emitter-Cutoff Current 


Emitter-to-Base 


| Men)e80| 
Breakdown Voltage }Memes0| | 


Collector-to-Emitter 
Breakdown Voltage: 
With base-emitter junction 
feverse biased 


Collector-to-Emitter 
Sustaining Voltage: 
With external base-to- 
emitter resistance 
(Ree) = 100 2 


With base open 


Vceo(sus)® 


DC Forward Current 
Transfer Ratio 


Gain-Bandwidth Product 


Second Breakdown Collector 
Current™* 
(With base forward biased) 


Sat. Switching Time: 
(See Fig.1].) 
Turn-on Time 


Turn-off Time 


Thermal Resistance: 
Junction-to-Case 


Junction-to-Ambient 


“CAUTION: The sustaining voltages Vcfo(sus) and VcER(sus) - 


MUST NOT be measured on a curve tracer. 


. Pulsed; pulse duration < 300 ys, duty factor < 0.02. 
© Safe operating regions for forward-bias operation ase shown on 


page 3. 

IS /b is defined as the current at which second breakdown occurs at 
aspecified collector voltage with the emitter-base junction forward 
biased for transistor operation in the active region. 


5 Pulsed; 1 s, non-repetitive pulse. 


TEST CONDITIONS LIMITS 


Symbol aoe 
Volts 
Ee Ei Ee 


| ‘ 
cao | 5 ; 
0 

_ int 


HPHEBEECEL ELLE 


= Holl aE 
VcER(sus)° 100 
-100 a 


Milliamperes 


aoe 


100 ig 
100 2 
Collector-to-Emitter Vce(sat) 500 50 

Saturation Voltage -500 -50 


2N5320 through 2N5323 


DC Current 


Type Type Type Type 
2N5320 | 2N5321 2N5322 } 2N5323 


NOTE: RCA 2N5320, 2N5321, 2N5322, and 2N5323 can be shipped 
with color dots on the device case to indicate the following ranges of 
beta values within the beta limits specified for each device. 


Color Code Beta Range Color Code Beta Range 
Brown 25-38 Green 73-110 
Red 33-50 Blue 95-145 
Orange 43-65 Violet 125-190 
Yellow 56-85 Grey 165-250 


Specific beta distributions or beta matching are available as custom 
types only on special order. For further details, contact your local 
RCA Sales office. 


INFORVATION FURNISHED BY RCA IS BELIEVED TO BE ACCURATE AND RELIABLE. HOWEVER, NO RESPONSIBILITY IS ASSUMED BY RCA FOR tTS USE; NOR FOR ANY INFRINGEMENTS OF PATENTS 
OR OTHER RIGHTS OF THIRD PARTIES WHICH MAY RESULT FROM iTS USE. NO LICENSE IS GRANTED BY IMPLICATION OR OTHERWISE UNDER ANY PATENT OR PATENT RIGHTS OF RCA. 
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REA POWER TRANSISTORS 


RCA-2N5320, 2N5321, 2N5322, and 2N5323* are 
multiple-diffused silicon power transistors intended for 
small-signal medium-power applications in military, 
industrial, and commercial equipment. 


The 2N5320 and 2N5321 are triple-diffused silicon 
n-p-n planar types which differ in voltage ratings, leak- 
age-current and beta-spread values. They have all of 
the desirable features of the 2N2102 silicon n-p-n type 
and, in addition, higher collector-current and dissipation 
ratings. 

The 2N5322 and 2N5323, p-n-p complements of the 
2N5320 and 2N5321, are double-diffused, epitaxial- 
planar types which differ in voltage ratings, leakage- 
current and beta-spread values. They have all of the 
desirable features of the 2N4036 (p-n-p complement of 
2N2102) and, in addition, higher current and higher 
power ratings. 


* Formerly RCA Dev. Types TA7121, TA7122, TA7124 and 


TA7125, respectively. 


—— se 
—— sat 1NS372 28323 
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SILICON POWER TRANISISTON 


General-Purpose 
Complementary N-P-f 
and P-N-P Types 
For Smail-Signal 


fiedium-Power Applications 
In fdiitary, Industrial, and 


Commercial Equinment JEDEC TO-5 
N-P-N Types P-N-P Types 
2N5320 2N5322 
2N5321 2N5323 


FEATURES 


© Maximum safe area-of-operation curves 


®@ Planar construction provides low-noise and low-Jeak- 
age characteristics 


@ Low saturation voltage: 


Vce(sat) = 0.5 V max. (2N5320) 
-0.7 V max. (2N5322) 


® High beta at high collector current: 
hFE = 500 mA (2N5321 & 2N5323) 
© High saturated switching speed: 


40 min. at IC = 


ton = 80 ns max 


. \ (2N5320 & 2N5321) 
toff = 800 ns max. 


® Hermetically sealed JEDEC TO-5 package 


MAXIMUM RATINGS, Absolute-Maximum Values: 2N5321 = 2N5323) -2N5320) »=—- 2N5322 
COLLECTOR-TO-BASE VOLTAGE ............. VCBO - 75 . 775 100 -100 Vv 
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With 1.5 volts (VBR) of reverse bias .......... VcEV(sus) 75 “75 100 ~100 Vv 

With external bage-to-emitter resistance a ' 

CREE CIOO SD se ace dunce wire wate scorer d ecdexcanwea VCER(sus) 65 -65 90 -90 Vv 

With DSEG OPEN). «sissies ciwe wiearete Sea ioe RaSh VCEO(sus) 50 -50 75 -75 Vv 
EMITTER-TO-BASE VOLTAGE.........0.2.ce00.2 VEBO 5 -5 7 -7 Vv 
COLLECTOR CURRENT 2... ees ces na eee Ic 2 -2 2 -2 A 
RELIGION oP wiisca Wp Kw eBid ke IB 1 -1 1 “1 A 
‘TRANSISTOR DISSIPATION: «550 ce ee ce eae Pr 10 10 10 10 Ww 

At case temperatures up to 25°C .........000. See Fig.1 

At case temperatures above 25°C. .........00.4 Derate linearly at 0.057 W/°C 
TEMPERATURE RANGE: 

Storage and operating (Junction). ..........02-6 65 to +200 —-___— °C 


LEAD TEMPERATURE (During soldering): 


At distance > 1/32 in. (3.17 mm) from 
seating plane for 10 8 max... 2... ec ce cece eee 


Electronic 
Components 


URUs 


930 ———-——_-.. °¢ 


Printed in U.S.A, | 3-68 


’ FAIRCHILD TRANSISTOR 2N5163 


TYPICAL ELECTRICAL CHARACTERISTICS 


©¢ EQUIVALENT INPUT NOISE INPUT CAPACITANCE VERSUS 
i VOLTAGE VERSUS FREQUENCY GATE TO SOURCE VOLTAGE 
= 10 =a 2 30 
Beta iad wn § ao 
YRC | PaREEEEEEEEEEE 
yw «(O = ia i mail = z 7.0 
Bester emf e 
z Sa |g 2” 
. cof peso act mo = Fis 
je [~~ = \ 
2 tu at Le in § J, ai 
1 Att At 5 ° : ra 4 —= 
[ge oon EH EEE Jon & sol LT Tt TTT Tr 
<4 10 100 on 108 « 0 -20 -40 -60 -80 -0 -12 
1~ FREQUENCY —Ha Vgs~ GATE TO SOURCE VOLTAGE ~ VOLTAGE 
° DRAIN CURRENT VERSUS 
DRAIN CURRENT VERSUS DRAIN TO SOURCE VOLTAGE 
GATE TO SOURCE VOLTAGE WITH SOURCE RESISTANCE 


Ig~-ORAIN CURRENT —ma 


Ip-DRAIN CURRENT -mA 


0 40 60 rd % 20 
Vos—GATE TO SOURCE VOLTAGE —VvoUTS Vp — ORAIN TO SOURCE VOLTAGE —VOLTS 


* CONSTANT CURRENT SOURCE 


LOAD 


. - - a — 


S=MIiCONDUCTOR 
Au. MLO CE) Re B80 EAS TAUYENT CORRA TATION 


Fairchild cannot assume responsibility for use of any circuitry described other than circuitry entirety embodied in a Fairchild product. No other circuit patent licenses are implied. 


FAIRCHILD TRANSISTOR 2N5163 


TYPICAL ELECTRICAL CHARACTERISTICS 


FORWARD TRANSADMITTANCE 
VERSUS 
GATE TO SOURCE VOLTAGE 


6 


o5 


Vig ~ FORWARD TRANSADMITTANCE — mmhos 


o. 
) “1.0 -2.0 -3.0 ~4.0 
Veg ~GATE TO SOURCE VOLTAGE-VOLTS 


OUTPUT ADMITTANCE VERSUS 
GATE TO SOURCE VOLTAGE 


Yos — OUTPUT ADMITTANCE ~pmhos 


0 “10 =20 “3.0 ~4.0 
Vos~GATE TO SOURCE VOLTAGE —VOLTS 


DRAIN SOURCE RESISTANCE 
VERSUS 
GATE YO SOURCE VOLTAGE 
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Vos~ GATE TO SOURCE VOLTAGE ~ VOLTS 


FORWARD TRANSADMITTANCE 
VERSUS DRAIN CURRENT 


; 
Vos + 15V | gst 
so [ti bonne | WH 
. = 


Yip ~FORWARD TRANSADMITTANCE — mmhos 
fos 


0.1 


Ip-ORAIN CURRENT ~ mA 


OUTPUT ADMITTANCE 


Yos ~ OUTPUT ADMITTANCE — pmhos 


Ip~ORAIN CURRENT ~ mA 


REVERSE GATE LEAKAGE 
’ CURRENT VERSUS 
GATE TO SOURCE VOLTAGE 


Iggg- REVERSE GATE LEAKAGE CURRENT—pa 
v 


Ves~ GATE TO SOURCE VOLTAGE VOLTS 


NORMALIZED FORWARD 
TRANSADMITTANCE VERSUS 
AMBIENT TEMPERATURE 


Vig (25°C) 6.0 manos 
f'LOaHe: 


Vos #15 V 


Sy. 
ze 
¢ MORE a 
a. 
eee 
| SERRE ROR 
ol CTA SRREEREE 
ASEEEEREEERRE| 
Ty AMBIENT TEMPERATURE -°C 
NORMALIZED OUTPUT 
ADMITTANCE VERSUS 
AMBIENT TEMPERATURE 
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Yq “AMBIENT TEMPERATURE ~°C 


REVERSE GATE LEAKAGE 
CURRENT VERSUS 
AMBIENT TEMPERATURE 
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Iggg~REVERSE GATE LEAKAGE CURRENT—na 
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Ta “AMBIENT TEMPERATURE ~°C 


FAIRCHILD TRANSISTOR 2N5163 | 


il TYPICAL ELECTRICAL CHARACTERISTICS 


DRAIN CHARACTERISTICS DRAIN CHARACTERISTICS DRAIN CHARACTERISTICS 


Ip-ORAIN CURRENT -ma 
= 


Ip-DRAIN CURRENT=mA 


Vps~ORAIN TO SOURCE VOLTAGE - VOLTS Vos ~ DRAIN TO SOURCE VOLTAGE - VOLTS Vps ~ DRAIN TO SOURCE VOLTAGE - VOLTS 
LOW VOLTAGE LOW VOLTAGE LOW VOLTAGE 
DRAIN CHARACTERISTICS DRAIN CHARACTERISTICS DRAIN CHARACTERISTICS 
0.25 : 
an i f 
Zz 2 =z 
€ : : fi. é 
io | ba 
- 2 ° 
ozs 02s ofa | | tT tT TT | 
t) 0.05 _ 0.05 
Yps —DRAIN TO SOURCE VOLTAGE ~ VOLTS s Vps—DRAIN TO SOURCE VOLTAGE -VOLTS Vps—DRAIN. TO SOURCE VOLTAGE - VOLTS 


TRANSFER CHARACTERISTICS TRANSFER CHARACTERISTICS TRANSFER CHARACTERISTICS 
0 — ° 


Ip-ORAIN CURRENT —ma 
Ip-ORAIN CURRENT—ma 


Ip-DRAIN CURRENT —mA 


0 
° “10 -2.0 -3.0 -40 5.0 ° “10 -20 -30 -40 5.0 
Ves GATE TO SOURCE VOLTAGE-VOLTS Vgg—GATE TO SOURCE VOLTAGE - VOLTS Ves—GATE TO SOURCE VOLTAGE—VOLTS 


+ LOW NOISE FIGURE... . 0.7 dB (TYP) AT f =1 kHz 
HIGH CURRENT GAIN... Hee = 100 (TYP) AT to = 100 yA 
HIGH BREAKDOWN... .. LVgq = 30 V (MIN) 


EXCELLENT BETA LINEARITY FROM 1 uA TO 50 mA 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Maximum Temperatures 
Storage Temperatures 


2N5138 


PNP LOW-LEVEL AMPLIFIER 


DIFFUSED SILICON PLANAR* 


~-55° to +-125°C 


TRANSISTOR 


PHYSICAL DIMENSIONS 
In accordance with JEDEC (10-106) outline 


. .222 
.192 
a < { 


3 LEADS 


Operating Junction Temperatures +125°C O19 py 
Lead Temperature (Soldering, 10 second time limit) +260°C 016 
Maximum Power Dissipation (Notes 2 and 3) Vac No. 2 
Total Dissipation at 25°C Case Temperature 0.5 Watt Collector 
at 25°C Ambient Temperature 0.2 Watt sahara 
Maximum Voltages and Current 
Vero Collector to Base Voltage —30 Volts 
Vero Collector to Emitter Voltage —30 Volts 
Veso Emitter to Base Voltage ~—5.0 Volts NOTES: ait dimensions in inches 
All beads electrically tsolated from case 


erica CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


SYMBOL CHARACTERISTICS 


hee 

BY cE 

Veg (sust) 
BYego 

leBo 

logo (65°C) 
Vee (sat) 
V,c(sat) 

Ve (on) 


fe 


Narrow Band Noise Figure (f = 1.0 kHz) (Note 6) 
Wide Band Noise Figure (Note 7) 

Narrow Band Noise Figure (f = 1.0 kHz) (Note 8) 
DC Current Gain 

DC Current Gain 

DC Pulse Current Gain (Note 5) 

Collector to Base Breakdown Voltage 

Collector to Emitter Sustaining Voltage (Notes 4 and 5) 
Emitter to Base Breakdown Voltage 

Collector Cutoff Current 

Collector Cutoff Current 

Pulsed Collector Saturation Voltage (Note 5) 
Pulsed Base Saturation Voltage (Note 5) 

Pulsed Base to Emitter “On” Voltage (Note 5) 
Small Signal Current Gain (f = 1.0 kHz) 

High Frequency Current Gain (f = 20 MHz) 
Collector to Base Capacitance 

Emitter to Base Capacitance 


2N5138 
MIN. TYP. MAX. 


UNITS 


Pachage weight is 0.3) gram Package 
is electrically non-conductive materiat 


TEST CONDITIONS 


te = 20 wA 
I, = 20 pA 

= 250 yA 
to = 100 uA 
Ic = 1.0mA 
lo = 10 mA 
I = 100 yA 


I¢ = 10 mA (pulsed) 


Veg = —5.0V 
Vog = —5.0V 
Veg = —5.0V 


Vog = —10V 


Vop = -10¥ 
Veg = -10¥ 
I, =0 
|, =0 


te = 100 uA 
Vog = —-20V 
Veg = —20V 
1, =0.5mA 
= 0.5 mA 


Vop = —10V 
Veg = —10V 
Veg = —5.0V 
Vog = —5.0V 
Veg = —O.5V 


*Planar is a patented Fairchild process. 
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SEMICONDUCTOR 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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A-1RR 


; = FAIRCHILD TRANSISTOR 2N5139 
Be I a a a Pa A ed 


ELECTRICAL CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


SYMBOL CHARACTERISTICS TEST CONDITIONS 


Vero (sust) Collector to Emitter Sustaining Voltage (Notes 4 and 5) I, = 10 mA (pulsed) |, = 0 

BY co Collector to Base Breakdown Voltage 1c = 100 pA I; =0 

BV ces Collector to Emitter Breakdown Voltage Ic = 100 pA Var = 0 

BY .86 Emitter to Base Breakdown Voltage ; I, =0 I; = 100 vA 
Collector Reverse Current Vop = —15V Vag = 0 


lees 
legs(+65°C) Collector Reverse Current Vop = —15V Vee = 0 


Collector to Base Capacitance i = Vog= —10V 


Emitter to Base Capacitance ! i. =0 Veg = —O.5V 


SWITCHING TIME TEST CIRCUIT 


Veg = +3.0V Voc ® -10V 


TO SAMPLING SCOPE 
INPUT Z=100k2 
t, < 10 ns 


Yin -—j}-—_ 


-8.3V 
PULSE SOURCE 
Zin 7508 


PW=500ns 
tr, tf <1.Ons o 
Vin =78.3V 


4-188 


° LOW NOISE FIGURE... . 0.7 dB (TYP) AT f =1 kHz 
HIGH CURRENT GAIN... Nye = 
HIGH BREAKDOWN... .. LVcgq = 30 V (MIN) 
EXCELLENT BETA LINEARITY FROM 1 A TO 50 mA 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Maximum Temperatures 
Storage Temperatures 
Operating Junction Temperatures 
Lead Temperature (Sofdering, 10 second time limit) 


Maximum Power Dissipation (Notes 2 and 3) 
Total Dissipation at 25°C Case Temperature 
at 25°C Ambient Temperature 


Maximum Voltages and Current 


Veso Collector to Base Voltage 
Veto Collector to Emitter Voltage 
Vesa Emitter to Base Voltage 


. 


100 (TYP) AT I, = 100 pA 


N5138 
PNP LOW-LEVEL AMPLI 


DIFFUSED SILICON PLANAR* 


TRANSISTOR 


PHYSICAL DIMENSIONS 
in accordance with JEDEC (10-106) outline 


. 222 
192 we 
Nf 
.240 


Ge 


Base 
Lead No. 2 


Collector 
Lead No. 3 


| 
-~55* to +125°C ee 
ne. 
-100 
0.5 Watt Emitter ' 
0.2 Watt Lead No. } 
—30 Volts 
—30 Volts 
—5.0 Volts NOTES: Ali dimensions in inches 


All leads electrically ssolated from case 


Package werght 130.31 gram Pachage 
is electrically non-conductive material 


Decisica CHARACTERISTICS (25°C Free Air Temperature unless otherwise noted) 


SYMBOL CHARACTERISTICS 


Narrow Band Noise Figure (f = 1.0 kHz) (Note 6) 


Wide Band Noise Figure (Note 7) 


Narrow Band Noise Figure (f = 1.0 kHz) (Note 8) 


DC Current Gain 
DC Current Gain 


hee DC Pulse Current Gain (Note 5) 


2N5138 
MIN. TYP. MAX._—_UNITS 
lg = 20 yA 
= 20 pA 
to = 250 pA 
= 100 uA 
Ic = 1.0mA 
Io = 10 mA 
lo = 100 WA 


TEST CONDITIONS 


Veg = —5.0V 


Vog = 10V 


Veg = —10V 
Vcg = —10V 
I, =0 


BV E56 Collector to Base Breakdown Voltage 


Vero (sust) 
BYe80 


Verte) 
1¢g9(65°C) 
Vog(sat) 

Voc (sat) 
Vae(on) 


Collector to Emitter Sustaining Voltage (Notes 4 and 5) 
Emitter to Base Breakdown Voltage 

Collector Cutoff Current 

Collector Cutoff Current 

Pulsed Collector Saturation Voltage (Note 5) 
Pulsed Base Saturation Voltage (Note 5) 
Pulsed Base to Emitter “On” Voltage (Note 5) 
Smal! Signal Current Gain (f = 1.0 kHz) 

High Frequency Current Gain (f = 20 MHz) 
Collector to Base Capacitance 

Emitter to Base Capacitance 


313 FAIRCHILD DRIVE, MOUNTAIN VIEW, CALIFORNIA, (415) 962-5011; TWX: 910-379-6435 


saar 


Ic = 10 mA (pulsed) I, = 0 

= 100 pA 
Veg = —20V 
Veg = —20V 

|, =0.5 mA 

“ty = 0.5 mA 
Veg = —10V 
Veg = —10V 
Veg = —5.0V 
Veg = —5.0V 
Veg = —0.5V 


*Planar is a patented Fairchild process. 
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